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ABSTRACT 
A series of 1,3-butadiyne-linked chlorin-containing dimers has been prepared and 
characterised. The UV /visible spectra of these dimers show split Soret bands and red-
shifted and intensified Q-bands indicative of extensive interchromophoric 
communication. These dimers display similar features to those of analogous 
bis(porphyrin) systems, but the incorporation of the chlorin moieties provides a 
strategy for the tailoring of the UV /visible spectrum. 
Success with a Wittig reaction has also been achieved. By varying the base used and 
temperature of the reaction, elimination of troublesome vinyl contaminants has been 
achieved. This new method was used for the preparation of a bromovinyl chlorin, 
which is a key intermediate for the synthesis of the above chlorin-containing dimers. 
The use of the Takai reaction, which uses a low-valent organochromium intermediate 
for the simple conversion of aldehydes to E-haloalkenes has also been investigated 
for several formylporphyrins and a formylchlorin. It was found that the Takai 
reaction is very sensitive towards the metallation state of the macrocycle. High yields 
for two different types of nickel(II) formylporphyrins were obtained. However, the 
reaction did not work well with Zn, Cu or free-base formylporphyrins and a Ni(II) 
formylchlorin. With this new iodovinyl nickel(II)octaethylporphyrin available, a 
simple one-pot method for the preparation of the original 1,3-butadiyne-linked 
nickel(II)octaethylporphyrin dimer has been devised. This method allows for 
improved yields and an easier synthesis of the aforementioned dimer. 
Several strategies for the synthesis of a novel alkyne-linked 
bis(tetrabenzotriazaporphyrin) were investigated, with mixed results. The 
bis(tetrabenzotriazaporphyrin) should incorporate the unique optical properties of 
phthalocyanines as well as the novel properties conferred on porphyrins by 
dimerisation via a conjugated alkyne bridge. Major difficulties were encountered in 
purifying suitable starting materials, and in their functionalisation. 
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NOTE TO READERS 
There were two main thrusts behind this project. The first is Part A and is based on 
some experiments with porphyrins and chlorins. The second, Part B is based on some 
experiments with tetrabenzotriazaporphyrins. The first two chapters are on Part A 
and the next two are on Part B. Chapter 5 is the experimental details for both Part A 
and Part B. 
Part A, Introduction 
PART A 
CHAPTER!. 
INTRODUCTION TO PORPHYRINS AND 
CHLORINS 
1 
Part A, Introduction 2 
1.1. PORPHYRIN STRUCTURE AND BASIC CHEMICAL AND PHYSICAL 
PROPERTIES 
1.1.1. Basic Structure and Chemical Properties 
Porphyrins are a large class of deeply coloured red or purple, fluorescent, crystalline 
pigments of natural or synthetic origin, having in common a substituted aromatic 
macrocyclic ring consisting of four pynole type moieties, linked together by four 
bridging methine groups. I The structure of the parent macrocycle and the numbering 
of the ring positions are shown in Figure 1.1. 
Figure 1.1 The structure of porphine and the IUP AC numbering system 
Positions 5,10,15,20 are usually refened to as the meso-positions and positions 
2,3,7,8,12,13,17,18 are usually refened to as the ~-positions. The porphyrin ring 
system is a planar, 18n electron aromatic system.2 Porphyrins are essentially flat 
molecules, however circumstances can prevail when binding metal atoms, for 
example, where the macrocycle becomes distinctly buckled with major distortions 
from planarity. The central cavity of the macrocycle can complex a huge variety of 
metal ions, with some ions, such as nickel(II), being slightly too small to fit into this 
cavity. The macrocycle distorts and twists to maximise its binding to nickel. I 
Metalloporphyrins play vital roles in many biological systems. I The main function of 
porphyrins and porphyrin-like compounds in nature is to bind metal atoms, which 
can then act as centres for significant biochemical events. Thus, protoporphyrin IX in 
heme (1), complexes iron, which in haemoglobin and myoglobin reversibly binds 
oxygen so that it can be transported around the body (hemoglobin) or stored in 
muscle tissue (myoglobin). 
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Photosynthesis captures most of the energy that drives most living things. This is 
achieved by trapping energy contained in sunlight and using it to convert carbon 
dioxide and water into energy-rich carbohydrates. In this process the water is 
oxidised to oxygen 1. 
Phytyl C02 
(2) 
In chlorophyll a (2), the coordinated metal is magnesium. Here, the function of the 
macrocycle is to capture light in the near-ultraviolet (400 nm) and red (650-700 nm) 
regions of the visible spectrum. The substituents around the macrocycle serve to fine 
tune light-absorption characteristics of the molecule. The metal also serves to 
modulate the light-absorbing and energy-transfer characteristics of the chlorophyll, 
while acting as a centre for binding water, which acts as an electron source. I 
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1.1.2. UV-visible Spectra 
One of the more fascinating features of porphyrins is their striking colour, which is a 
consequence of their characteristic UV-visible spectra. The characteristic electronic 
absorption spectrum of a typical porphyrin such as nickel(II)octaethylporphyrin 
(NiOEP) is shown in Figure 1.2. 
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wavelength/nm 
Figure 1.2 UV/visible spectrum ofNiOEP (recorded in CHCI3) 
I 
700 
From this it can be seen that the spectrum consists of two distinct regions. The first 
region at around 400 nm (the Soret or B-Band) corresponds to a strong transition 
from ground to the second excited state (So~ S2), and a weaker transition to the first 
excited state (So ~ S1) is seen at about 550 nm (the Q-band). Internal conversion 
from Sz ~ S1 is rapid so fluorescence is only detected from S1. The B- and the Q-
bands both arise from n - n* transitions and can be explained by considering four 
orbitals (the "Gouterman four-orbital model")3 : two n orbitals (a1u and a2u) and a 
degenerate pair of n* orbitals (egx and egy), as shown in Figure 1.3. The two highest 
occupied n orbitals have similar energies, so there is strong configurational 
interaction between a1u ~ ecr and a2u ~ ecr transitions. Constructive interference leads 0 0 
to the more intense B-bands while the weaker Q-bands result from destructive 
combinations. The a1u orbital has nodes at all four meso positions while the a2u 
orbital has high coefficients at these sites.4 
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B 
egy (LUMO) egx (LUMO) 
Q 
a1u (HOMO) a2u (HOMO) 
Figure 1.3 Schematic of the Gouterman four-orbital modelS 
Metalloporphyrin spectra are classified as either "regular" or "irregular" depending 
on whether the metal that they contain has a closed or open shell of valence 
electrons.! Regular metalloporphyrins give normal spectra, i.e. a B-band in the near-
UV (390-425 nm depending on the macrocyclic substitution pattern), and two Q-
bands, a and ~· The a band occurs within the range 570-610 nm for complexes in 
which the macrocycle is substituted in the ~-positions. For complexes in which the 
macrocycle is substituted in the mesa-positions, the a band occurs between 590 and 
630 nm. These positions depend on the metal that is complexed and whether the 
metal has axial ligands. 
1.2. MULTIPORPHYRIN SYSTEMS 
Multiporphyrin systems have been pursued independently and in close collaboration 
by many research groups for several decades. Two of the main reasons behind this 
research have been their use in molecular electronic applications as well as 
developing models to understand photoinitiated charge transfer. The aim of the 
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following sections is to introduce the basis of research m these areas and to 
emphasise the role that multiporphyrin systems play. 
1.2.1. Multiporphyrin Arrays 
Multiporphyrin mrays are potential precursors in the building of electron- and 
energy-transfer molecular devices; they have also proven themselves useful as robust 
and efficient catalysts for the multielectron redox transformation of small molecules 
and for the oxidation of small organic substrates. 6 For these uses mentioned above it 
is important that the individual molecules within an array communicate with each 
other, otherwise the whole will be no better than the sum of the components and the 
array cannot behave with enhanced effectiveness.7 For effective electronic 
communication between adjacent porphyrins, the geometry, distance and orientation 
between components of rigid porphyrin arrays are to be considered. The nature of 
bridges between porphyrin components, the extent of steric interactions, and the 
connectivity of the porphyrin components directly affect the photophysical properties 
of these covalently linked systems. 
1.2.2. Conjugated Porphyrin Oligomers 
Porphyrins are appealing building blocks for the modular construction of n-
conjugated oligomers and polymers since they offer a variety of desirable features 
such as rigidity, high stability, intense electronic absorptions across a wide spectral 
range, strong fluorescence emission, and the possibility to tailor optical and redox 
properties by complexation with various metal ions. Much interest has been shown in 
developing porphyrin dimers and oligomers linked by bridges such as o-, m-, and p-
phenylene groups,S-13 biphenyls,13-15 naphthalenes,16 anthracenes;l7 and 
phenanthrolines.18 In most cases, the n-systems of the porphyrin and the aromatic 
bridges are essentially orthogonal, because of steric interference between ortho-
hydrogens on the bridges and neighbouring porphyrin subunits. Among the other 
various spacers employed to bridge porphyrins in these arrays, acetylenes are 
particularly attractive. They rigorously define linear geometries of the covalent 
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assemblies and allow for efficient n-electron conjugation between the individual 
porphyrin chromophores. 
Porphyrin Dimers and Oligomers Containing Alkyne Linkages 
The first conjugated porphyrin dimer (3a), was reported by Arnold et al in 1978.19 
The UV -visible spectrum of (3a) displayed broadly split Soret bands along with 
intensified, red-shifted Q-bands, indicating substantial conjugation between the 
porphyrin chromophores. 
(3a) M = Ni 
(3b) M= Hz 
Arnold and co-workers20 have continued their work with 1,3-butadiyne linked 
porphyrin dimers by synthesising the free base (3b) as well as ~-~ linked analogues 
(4)-(5). 
(4) 
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Ph 
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Ph Ph 
Ph Ph 
Ph 
(5) 
It was found that the UV-visible spectra of the two types of dimers, i.e. meso-linked 
or ~-linked differ greatly. The UV-visible spectra of the HEP and TPP dimers 
resembled those of the monomers, thus showing little evidence for substantial 
interchromophoric conjugation. With X-ray quality crystals unobtainable it was 
unclear whether these differences reflected a geometrical difference e.g., was 
coplanarity achievable in the OEP dimers and not in the HEP or TPP (or some other 
restriction). 
Lin and Therien21 devised a straightforward strategy to investigate the role that 
porphyrin-to-porphyrin linkage topology had with respect to the regulation of 
interchromophoric conjugation in alkyne linked dimers. This method relied on 
modulating (i) the extent of the porphyrin-to-porphyrin steric interactions which 
control the torsional barrier to rotation about the conjugated bridge between the 
chromophores, and (ii) the magnitude of the ground state chromophore-chromophore 
electronic coupling. 
The points of connectivity in a series of ethyne (6a)-(8a) and butadiyne (6b)-(8b) 
linked dimers were varied and the amount of coupling measured. The full width at 
half maximum (FWHM) of the B-band region was taken as an approximate measure 
of the relative extent of (porphinato)zinc-(porphinato)zinc excitonic coupling in the 
s2 state. 
It was found that all of the synthesised arrays exhibited excitonic coupling in the S2 
excited singlet state. Generally the degree of porphyrin-porphyrin electronic coupling 
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decreases with increasing bridge length for a specific linkage topology; the 
magnitude of this coupling is extremely sensitive to the connecting sites of the 
ethynyl or butadiynyl bridges on the porphyrin carbon framework. The electronic 
coupling could be further attenuated for a specific conjugated bridge length when 
severe steric interactions existed (6a)-(7a) which forced the porphyrins into 
orthogonal conformations. When steric effects were not present, i.e. (6b)-(8b) the 
magnitude of electronic coupling between the porphyrin chromophores depended 
strictly on the porphyrin-to-porphyrin bridge type and follows the order meso-to-
meso> meso-to-~ > ~-to-~. This effect can only be due to the smaller frontier orbital 
coefficients at the ~-positions.3 
Gosper and Ali22 have also prepared a ~,~-1,3-butadiyne bridged dimer similar to 
(6b) and have reported limited conjugation between dimers for similar reasons to that 
discussed above. 
Arnold et az.23 have continued this sequence by studying the octatetrayne-linked 
dimer (9). It was found that doubling the length of the alkyne spacer has a subtle 
effect on the absorption spectrum, and does not dramatically reduce the 
interporphyrin electronic coupling. 
(9) 
Metallated derivatives of (3b) have been prepared24 in order to investigate the degree 
of interporphyrin communication. Metallated dimers, where M2 = Pd2, Pt2, Co2, Cu2, 
Zn2, Ni/Zn and Ni/Co were prepared from (3b) in order to complex a range of metals 
with varying electronegativities so that their stepwise electrode potentials could be 
determined. The electrogenerated mono- and dianions were also investigated by 
recording their absorption spectra in the region of 300-3200 nm. It was found that the 
dimer reductions were clearly porphyrin-centred (except M =Co, were the metal was 
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preferentially reduced) but approximately 400 m V easier than the corresponding 
monomeric, M(OEP) complexes, due partially to the electronic influence of the diyne 
substituent. It was also noted that the metal-dependence of the reduction potentials 
follows the same pattern as for unsubstituted, M(OEP) complexes. 
Ph 
Ph 
Ph 
Ph 
(10) 
Ph 
Ph 
(12) 
+ 
Ph 
Br 
Ph 
(11) 
Ph 
Ph 
Palladium-catalysed coupling of (10) with (11)25 gave the trimeric porphyrin (12) 
that incorporated two of the yne linkages. Optical characteristics that were set by the 
dimer (Sa) were further amplified in the electronic spectrum of (12), which showed 
an unusually split, very broad Soret region of FWHM =3812 cm-1. At the time of 
publication this was the largest excitonic interaction for a synthetic 
multichromophoric compound. 
Anderson26 prepared the model butadiyne-linked dimer (13), in order to study the 
viability of conjugated polymeric porphyrin ladders. This dimer was chosen as it is 
highly conjugated and it could be held planar by noncovalent interactions. 
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R R R R 
R=~o~ 
(13) 
It was appreciated that there is no steric barrier to rotation about the butadiyne links 
in polymer (14), so in free solution all torsional angles should be similarly populated 
(Figure 1.4a). Formation of a double strand assembly would restrict rotation about 
the butadiyne links and may tend to hold the porphyrins coplanar. Two simple ways 
of forming a duplex were envisaged. 
(i) Two porphyrin chains may aggregate directly (Figure 1.4b). Porphyrins 
usually aggregate via n - n interactions. Linear porphyrin oligomers 
should aggregate in a simple manner, and the offset nature of the 
aggregation should result in torsional rigidity. 
(ii) Linear bidentate ligands may bind between the pairs of metal centres to 
form a double strand ladder (Figure 1.4c) This type of binding should also 
be easily formed, so the ladder complex should self-assemble. 
NMR ring current shifts and UV exciton coupling studies were used to probe the 
efficiency of aggregation and ladder formation as ways of holding the model dimer, 
(13), coplanar. In this system it was found that aggregation strongly enforced 
coplanarity, whereas ladder formation allowed for a range of torsional angles. 
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A conjugated tetrapyridylporphyrin dimer (15) has also been synthesised,27 which 
binds two metalloporphyrin dimers to form a triple strand array; formation of this 
supramolecular assembly holds both components in planar conformations , 
increasing the conjugation. 
Ar 
(15) 
Computational studies on the porphine analogue of (3a), (16)-(17)28 were carried out 
and analysed using approximate density functional theory (DFf). 
(16) (17) 
The three complexes were chosen because they represent a logical increase in 
complexity starting from a simple metalloporphyrin. The butadiyne-substituted 
porphyrin represented an intermediate situation, where the influence of the bridging 
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C4 spacer group could be assessed in isolation. Through a comparison of the ground 
state electronic structure of these systems they delineated the effects of the spacer 
group from those of the second porphyrin ling and hence determined which features 
of the observed optical spectrum of (3a) arise from the dimelic nature of the 
complex. 
Beljonne et az.29 have also carried out computational studies on dimer (13) and 
found similar results as Stranger et al.,28 namely that the lowest energy transitions 
were found to be between orbitals delocalised over the entire rc-system. 
Porphyrin Polymers Containing Alkyne Linkages 
Examples of higher alkyne-linked porphyrin oligomers include polymer (18).30 
which consists of 10-15 conjugated macrocycles, and hexamer (19).31 
R R 
Polymer (n = 10-15); end groups unknown 
(18) 
Compounds (18) and (19) follow trends set by alkyne linked dimers confirming that 
there is considerable conjugation between the individual porphylin chromophores. 
Both oligomers have broadened Soret bands and strongly red-shifted and intensified 
Q-bands. The absorption spectrum of (18) has a Q-band absorption at 873 nm which 
is even more intense than its Soret band. 32 
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The series from monomer to hexamer (19) shows a gradual evolution in absorption 
and emission spectra as the number of porphyrin chromophores increases. 31 
Estimates for the optical HOMO-LUMO energy gap, E8, were obtained from 
fluorescence maxima for the above series. It was found that when E8 was plotted 
against the reciprocal chain-length (l!L, where Lis the length of then-system in A) a 
linear relationship was found, especially for the longer oligomers and there is no sign 
of saturation. The intercept at L = oo gives a predicted band gap for the polymer of 
1.55 eV from the absorption and 1.34 eV from the emission. This n - n* gap is 
substantially lower than for other conventional conducting polymers such as poly(p-
phenyleneethynylene) (20),33 poly(p-phenylenevinylene) (21),34 and poly(a-
thiophene) (22)35 because the porphyrin monomer unit starts at a lower HOMO-
LUMO separation. 
SiMe3 
n 
(20) 
1Bu 
1Bu 
n 
1Bu 
(21) 
H H 
n 
(22) 
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1.3. SOLID STATE PROPERTIES OF ALKYNE LINKED CONJUGATED 
DIMERS AND OLIGOMERS 
1.3.1. Gas Sensing Applications 
15 
Two research groups36,37 have prepared Langmuir-Blodgett (LB) films of alkyne-
linked porphyrin dimers in order to study their properties with respect to gas-sensing 
applications. 
Smith and co-workers37 prepared LB films of alkyne-linked dimer (13) to carry out 
the optical detection of chlorine gas. It was found that these films could successfully 
detect chlorine gas in low ppm quantities when used in conjunction with an in situ 
optical technique. Response times were found to be fast: typically t112 is 35 s for an 
untreated monolayer, falling to 2 s after heat treatment of the films. Commercially 
available chlorine sensors operating in the 0-100 ppm range have a T80 response time 
of < 60 s, 37 where T80 is the time taken for the signal to reach 80% of the final signal. 
T80 for the heat-treated LB film of (13) is 26 s, which compares favourably with the 
response time of the commercial sensor. 
Arnold et al. 36 have recently reported the preparation of LB films of the porphyrin 
dimer (3a) and the gas-sensing properties of these films. Electrical characterisation in 
a controlled atmosphere and with the simultaneous presence of interfering gaseous 
species, such as C2H50H, NH3, and CO, suggest that this porphyrin dimer is a 
promising selective NO gas sensing material. 
Valli and co-workers38-40 have continued this work with the porphyrin dimer (3a) by 
studying the LB films formed when different spreading solvents are used. They have 
also proposed a model to interpret the behaviour of these LB films with gases. 
1.3.2. Electronic Applications 
Unsubstituted porphyrin oligomers tend to be very insoluble, however the isodecyl 
ester side chains of (18) imparted excellent solvation characteristics, especially if an 
amine was present to ligate the central metal ion in order to prevent aggregation. This 
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solubility gave the polymer excellent film-forming properties either neat or as a 
polymer blend with poly(methylmethacrylate), (PMMA).41,42 The superior film-
forming properties of (18) made it suitable for solid state electronic and 
photophysical investigations. 42-44 
Pilcher et al. 42 investigated various transport and photophysical properties of this 
conjugated porphyrin polymer. Charged and neutral excited states were investigated 
by doping studies, photoluminescence, photoinduced absorption, and spectroscopy of 
electric field-injected charges in metal-insulator semiconductor devices. Field-effect 
transistors with the porphyrin polymer as the active semiconductor were used to 
investigate the conductivity and mobility of charge carriers and the influence of 
oxygen and solvents on the transport properties. It was found to be a p-type 
semiconductor. 
O'Keefe et az.44 reported spectral and time-resolved ultrafast transient photo-induced 
transmission measurements on the porphyrin polymer (18). This polymer was 
particularly attractive for such measurements because the magnitude of the photo-
induced signal is large which facilitated the measurement of field-induced quenching 
effects. It was shown that under an applied electric field the Q-band photobleaching 
was modulated significantly, and that this modulation increased with increasing 
magnitude of electric field. 
1.3.3. Non-Linear Optics 
Anderson and co-workers32,45,46 have reported preliminary investigations for non-
linear optical applications on zinc porphyrin systems based on polymer (18), as well 
as its monomeric and dimeric forms. Investigations have been carried out on cast and 
LB films as well as on solutions of the vmious porphyrin systems. They have 
compared and contrasted the optical properties of these porphyrins systems as the 
degree of conjugation increases from monomer to dimer to polymer. The monomer, 
dimer, and polymer all showed similar excited state ultrafast spectra; the Q and Soret 
bands were bleached upon photoexcitation. However, the decay of the 
photobleaching features was found to be remarkably different from monomer to 
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dimer to polymer. These systems were said to offer promising optical limiting 
properties. 32,45,46 
1.4. OTHER DIMERS AND OLIGOMERS WITH ALKYNES IN THE meso-
POSITION 
Many conjugated porphyrin dimers have been reported with unsaturated bridges 
linking porphyrins with alkyne-substituted meso positions. Arnold and co-
workers23,47 have reported the synthesis of several dimers of NiOEP (23-29) 
substituted by conjugated groups comprising combinations of triple bonds with 
double bonds and arenes. 
BRIDGE= 
(23) 9 (24)y (25))) 
(26) ~ (27) >==< (28) ~ s H H 
(29) )==< I 
With these dimers Arnold et az.23,47 investigated how the nature of the unsaturated 
moiety affects the electronic spectra and the redox behaviour of the dimers. 
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Recently Higuchi and co-workers48 synthesised the 3-dihexylbithiophene linked 
dimers (30-31) and investigated then-conjugation between the individual porphyrin 
chromophores. 
It was found that only the latter dimer (31) displayed significant n-conjugation as 
determined from its UV/visible spectra and cyclic voltammograms. The UV/visible 
spectrum of (31) was very similar to that of (3a) with a very much broadened and 
red-shifted Soret band and a red-shifted and intensified Q-band. It was postulated 
that steric clashes between the hexyl substituents of isomer (30) prevented planarity 
of this molecule and hence limited n-conjugation. 
(30) 
(31) 
Taylor et az.49 have prepared a 9,10-diethynylanthracene-linked dimer (32) and 
diethynylarene dimers (33-34). They have shown that this anthracene bridge provides 
even stronger conjugation between the individual porphyrin chromophores than a 
direct butadiyne blidge, as judged from its emission spectra. 
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The high conjugation between porphyrins with 9,10-diethynylanthracene was 
attributed to the quinoidal/cumulenic resonance structure as shown in Figure 1.5. 
Figure 1.5. Quinoidal/cumulenic resonance of (32) 
R = Si(t-Bu)Me2 
(33) n = 1 
(34) n = 2 
(35) n = 3 
A series which included monomeric (33), dimeric (34), and trimeric (35) porphyrins 
linked by (E)-1,2-diethynylethene (DEE) bridges was prepared by Diederich et az.SO 
The UV/visible spectrum of (33) showed a strong red shift of both the Soret and Q-
bands as a result of the addition of the two DEE substituents. Upon changing from 
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(33) to (34) , the Q-band was further red shifted, whereas the Soret band remained at 
nearly the same position but became significantly broadened and displayed a 
shoulder on the lower wavelength edge as a result of excitonic coupling. The close 
resemblance of the UV/visible spectrum of (34) and (35) suggested that saturation of 
the optical properties of the oligomeric series had already occurred at the stage of the 
dimeric (34). 
X-ray crystal structures of dimers with alkynes in the meso-position 
Two research groups have reported X-ray crystal structures of porphyrin dimers 
linked by bridges containing alkynes. Arnold and co-workers47 have reported the 
crystal structure of the diethynylthiophene-linked bis(porphyrin) (26); and Anderson 
and co-workers31 have reported the crystal structure of a 1,3-butadiyne-linked 
porphyrin dimer. Both examples proved that in the solid state both of the porphyrin 
macrocycles are remarkably co-planar, thus allowing for the extensive 
interchromophoric communication. In the diethynylthiophene case, it was shown that 
there was distortion of the thiophene bond angles in order to maintain strong n-
orbital overlap across the planar Cmesa-C=C-thiophene-C=C-Cmeso bridging unit. 
1.5. ELECTROCHEMICAL EVIDENCE FOR CONJUGATION 
Conjugation between the porphyrin chromophores causes splitting in the n and n* 
levels, which in turn reduces the gap between the HOMO and LUMO. The result of 
this splitting can be seen as red-shifts and a broadening of the electronic spectra due 
to the overlap of multiple bands. The HOMO-LUMO gap may be approximated by 
the energy of the longest wavelength absorption or emission band, which is referred 
to as the "optical gap" Eg. The HOMO-LUMO gap has also been estimated from the 
difference between the first oxidation and reduction potentials, i.e. E1 ox - Etect, 
which is referred to as the "electrochemical gap".5 
In general, the presence of an alkyne link will reduce the HOMO-LUMO gap by 
lowering the LUMO rather than raising the HOMO because alkynes are electron-
withdrawing.25,51,52 
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Arnold and co-workers51 have reported detailed spectroscopic and electrochemical 
data on a range of conjugated porphyrin dimers that contain alkyne moieties in the 
meso positions. It was found that the unique electronic behaviour that was 
established for meso, meso butadiyne-bridged NiOEP-C4-NiOEP (3a) over three 
oxidation states is maintained in the series of Cn yne only systems of (9) and (36). 
(36) 
Analogues of the form NiOEP-C2-X-C2-NiOEP with a conjugated 1,4-phenylene 
(23), 2,5-thienylene (26), or trans-CH=CH- (28) inserted into the midpoint of the 
bridge were found also to mimic the true Cn yne-only systems in most respects. 
Dimer (24) with a 1,3-phenylene bridge was found to be relatively non-conjugating 
with both halves of the dimer acting as individual porphyrin chromophores with no 
communication between them.51 
Recently the spectroscopic and electrochemical data have been reported for a range 
of analogues of (3a) with other divalent metals (Co, Cu, Zn, Pd and Pt) in place of 
Ni.52 It was found that the metallation states of the porphyrin dimers had a moderate 
effect on the amount of interporphyrin coupling and thus can aid in the tailming of 
the electronic properties of the systems. It was found that the coupling was greatest 
in the Niz dimer and weakest in the Zn2 species. 
These spectroelectrochemical studies revealed that the dianion of (3a) exhibited a 
very intense peak (c: > 105 M-1 cm-1) in the near-IR region at approximately 10000 
cm-
1
. This peak was found to be indicative of placing two electrons into the 10b1u n* 
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orbital, which is bonding with respect to the alkyne bridge and hence increases 
interchromophmic conjugation and also helps to stabilise the dianion. 
Arnold et az.52 used their studies of these systems to present a semiquantitative 
empirical frontier orbital model (the 'two-porphyrin eight-orbital scheme') which 
explained the major features of the unique electronic spectra of these MOEP-C4-
MOEP dimers and their reduced states. 
1.6. MACROCYCLIC SYSTEMS CONTAINING CHLORINS 
1.6.1. Nature and Synthesis Of Chlorins 
Chlorins are a type of hydroporphyrin and are of central biological importance. 53 
Most chlorophylls are Mg chlorins in which one of the peripheral double bonds of 
the porphyrin framework has been reduced. The new stereogenic centres may either 
give a trans or cis configuration as seen in nickel(II)octaethylchlorins (NiOEC) (37) 
and (38) respectively. 
(37) (39) 
The reduction of one of the peripheral double bonds does not disrupt the 18e- 1t 
aromatic system and macrocyclic conjugation is hence retained. 
To date no synthetic method has been devised in which the chlorin or almost any 
other hydroporphyrin macrocycle, is built in the rational step-by-step manner that is 
now commonly employed in porphyrin synthesis. Chlorins are usually found as an 
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undesired by-products in meso-tetraarylporphyrins, and a wide variety of chlorins is 
accessible by suitable modification of chlorophylls. 53 The general synthetic approach 
to chlorins usually involves the synthesis of the respective porphyrin and then its 
subsequent reduction to a chlorin. Catalytic hydrogenation or reduction with diimide 
affords the cis isomer while reduction of the porphyrin using sodium in isoamyl 
alcohol provides the trans isomer.54 Both reactions are completely stereospecific 
within the detection limits of NMR. 
The chlorin macrocyclic system, as compared to that of porphyrins, shows two 
distinct differences in reactivity. The methine positions next to the pyrroline ring 
have a higher electron density and are thus susceptible to electrophilic attack, and 
chlorins are more easily oxidised by both one- and two-electron oxidants. 
1.6.2. UV/visible Spectroscopy of Chlorins 
Chlorins have an intense narrow red band around 660 nm (£ z 70,000), and a Soret 
band of about threefold intensity around 400 nm (Figure 1.6). A double band in the 
region of 500 nm (£ z 15,000) is typical for free-base chlorins. Upon metallation, the 
disappearance of this band is the most characteristic spectral change. The red band of 
metallochlorins is increased in intensity and increasingly blue-shifted with increasing 
electronegativity of the central metal atom_l,53 
Q) 
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Figure 1.6. UV/visible spectrum of trans-NiOEC (recorded in CHC13) 
700 800 
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1.7. DIMERIC SYSTEMS CONTAINING CHLORINS 
The majority of work that has been carried out in the area of synthesising and 
investigating multichromophoric systems that contain chlorins has been orientated 
towards the biomimetic modelling of the 'special pair' in the photosynthetic reaction 
centre. 6 The purpose of this section is to introduce some of the different strategies 
that various research groups have taken to investigate this challenging area. 
1.7.1. Biomimetic Models Containing Chlorins 
Covalently linked bis(tetrapyrrole) systems can be used to mimic structurally the 
arrangement of the two 'special pair' bacteriochlorophylls in the bacterial 
photosynthetic reaction centre. Such models require a cofacial arrangement of the 
two tetrapyrrole units with some overlap of the n systems and intramolecular 
stabilisation by aggregation of the two macrocycles. 
Senge and coworkers55,56 investigated bischlorins (40)-(42) and the chlorin-
porphyrin heterodimer (43). It was shown that in the cis dimer (40) the molecule 
adopted a conformation in the solid state where the planes of the two macrocycles 
were held in an almost parallel manner; and that there was partial overlap of the n:-
systems of the two individual chromophores. The UV/visible spectra of these dimers, 
especially ( 40), displayed a broadened, red-shifted Soret band as well as a red-shifted 
chlorin band which were indicative of intramolecular n:-aggregation. 
Jaquinod et az.57 prepared similar ethene linked dimers, but thought that it would be 
more relevant to prepare dimers of some model systems more closely resembling the 
natural macrocycles. The synthesised dimers included the meso, meso linked trans-
bis(chlorin) (44), the meso, meso linked trans-bis(pheophorbide) (45), and the ~' ~ 
linked trans-bis(chlorin) (46). It was postulated that only the trans isomers of these 
dimers were formed because the more sterically demanding chlorin chromophores 
precluded formation of the cis isomers. 
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CH H \..._, 
I 2 \ 
C02Me C02Me 
Me02C 
(44) 
Me02C 
(45) 
(46) 
Vicente et az.58 prepared dimers (47)-(48) by low valent titanium reductive coupling 
of the appropriate formyl-vinyl chlorins. Generally it was found that upon 
dimerisation the UV/visible spectrum evolved to include a slightly broadened and 
red-shifted Soret band and a broadened, red-shifted, more intense chlorin band. 
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(47) 
(48) 
Smith59,60 has synthesised the meso,meso-ethylenebis(chlorin) (49), and reported its 
solid state conformation. It was found that this dimer crystallises in two different 
crystal forms. These forms show different macrocycle conformations which indicates 
the conformational flexibility of the chlorin macrocycle. This showed that not only 
the overall structural similarity but also conformational parameters have to be 
considered in the design of biomimetic reaction centre models. 
(49) 
It was shown that the planes of the two macrocycles in ( 49) are twisted against each 
other and are not in a coplanar arrangement, due to steric reasons. In both crystal 
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structures it was found that the two macrocycles were twisted against each other by 
60 
approximately 55°, so they obviously do not closely imitate the photosynthetic 
reaction centre where the macrocycles are parallel in conformation. 6 
Several models of the special patr containing chlorin related 
bis(chlorophyll)cyclophanes have been prepared.61,62 Wasielewski et az.61,62 
prepared dimer (50) in order to study its optical, redox, and donor-acceptor 
properties. 
(50) 
The 1H NMR spectrum of (50) showed only small shifts of protons on the periphery 
of the macrocycle suggesting that the chromophores are stacked approximately 
centre to centre. However the optical spectra of the dimer was virtually identical to 
that of the monomer, so despite the small separation between the macrocycles of ~4-
6 A there is no evidence of exciton splitting.61 
Although the optical spectroscopy of the singlet manifold at ambient temperatures 
revealed virtually no electronic interaction between the macrocycles, an examination 
of the triplet states as evidenced by the redox properties indicated quite the 
opposite.61 Dimer (50) underwent photooxidation when irradiated with 650 nm light 
in the presence of electron acceptors e.g., iodine, quinones, etc. to yield a cation 
radical possessing a Gaussian EPR signal with a 6.44 G line width. The narrowing of 
this line width as opposed to the 9.0 G line width of monomeric chlorophyll a 
indicated that spin is shared equally by the two macrocycles which is analogous to 
the special pair bacteriochlorophyll a in vivo. 
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C02Me 
Meo,c Meo,c 
Meo,c 
(51) (52) 
In an attempt to synthesise the bis(chlorin) dimer (51) Zheng and coworkers63,64 
fortuitously found that if the coupling reaction was allowed to proceed for a longer 
period of time the bis(chlorin) slowly converted into the unexpected chlorin-
spirochlorin dimer (52) linked via a tetrahydrobenzophenanthrene bridge. 
Through detailed NMR experiments and a preliminary crystal structure it was found 
that pyrrole rings, A and B, are completely overlapped with respect to their n-
electron systems.64 The UV/visible spectrum of chlorin-spirochlorin (52) displayed 
an approximately 20 nm red shifted chlorin band also indicative of the partial n-
overlap of the individual chromophores. 
Jaquinod et al. 65 reported the synthesis and spectroscopic properties of the chlorin 
related planar bis(phaeophorbide) (53) which is linked by a C=C bridge on the 
isocyclic rings. 
(53) 
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The most notable feature of the bis(chlorin) (53) was the large bathochromic shift of 
the chlorin band relative to those of the monomeric compounds. Compound (53) 
showed a red-shift of approximately 100 nm for the high wavelength absorbance. 
This shift supports the hypothesis of electron delocalisation within the two 
pheophorbide subunits. With the exception of the reduced pyrrole rings, X-ray 
crystal studies show that the molecule is essentially planar. 
The electron donors and acceptors in photosynthetic reaction centres are positioned 
at precise distances and orientations to one another to promote efficient photoinduced 
charge separation and to impede charge recombination. However, the nature of the 
medium that lies between each donor-acceptor pair is thought to have a large 
influence on the observed rates of electron transfer. In the bacterial photosynthetic 
reaction centre it was thought at the time66 that the n-systems of the donor-acceptor 
pair lie at large angles relative to one another (about 70°) in an approximate edge-to-
edge arrangement. Wasielewski and coworkers66 used this idea in the design of the 
chlorophyll-porphyrin heterodimer (54) in order to study its solvent-dependant 
photophysics. 
(54) 
The UV/visible spectrum of (54) was composed of an almost exact superimposition 
of the respective spectra of the porphyrin and chlorin monomeric moieties with the 
two Soret bands and distinct Q-bands for each macrocycle. This showed that the n-
systems of the individual chromophores are only very weakly coupled, if at all. It 
was also shown that (54) is a sensitive probe of its solvation environment, and 
exhibited enhanced rates of nonradiative decay as a function of increasing solvent 
polarity. 
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Chlorophyll-porphyrin-quinone triads (ZnC-ZnP-XQ), (55)-(57)67 have been 
synthesised in order to study their long-lived, spin-polarised radical ion pair 
formation. Anisotropic spin-spin interactions within the photogenerated radical ion 
pairs of (55)-(57) that possessed restricted distances and orientations between the 
radical ion pairs were investigated by electron paramagnetic resonance (EPR) 
spectroscopy. Transient absorption measurements with no applied magnetic field 
showed that (55)-(57) undergo a single step, photoinduced electron-transfer reaction, 
*ZnC-ZnP-XQ ---7 +znC-ZnP-XQ-, at 77 K.67 The quantum yields for charge 
separation in (55)-(57) are all >99% because the rate constants for charge separation 
are more than 1000 times faster than the - 5 ns lifetime of *ZnC. 
X= 
0 
0 
(55) (56) 
(57) 
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1.7.2. Chlorin Containing Dimers for Photodynamic Therapy (PDT) 
PDT is the use of visible or near-visible light as a therapeutic agent in clinical 
medicine.68 It falls into two categories: direct, without an administered 
photosensitiser; and indirect, where the effect is achieved via an administered 
photosensitiser which is an effective light absorber. The administration of both a 
sensitising drug and a dose of light means that additional parameters (e.g. chemical 
structure of the photosensitiser, length of drug-light interval) must be considered. 
PDT therapy is based on the tendency of some dyes, mainly porphyrins, to 
accumulate selectively in tumour tissue. Subsequent illumination with light of a 
specific wavelength induces intense fluorescence of the accumulated substance 
which may then aid in the detection of the tumour. illumination of the sensitiser with 
red light initiates a chain of photophysical reactions, which includes singlet oxygen 
generation and can thus lead to tumour necrosis. 68 
Several research groups68-75 are investigating ways to synthesise dimers containing 
chlorins. Chlorins have two considerable advantages in comparison with porphyrins: 
(i) their major absorption band is bathochromically-shifted, thus affording greater 
light penetration into the body tissue, and (ii) their extinction coefficient are greater 
than that of porphyrins above 600 nm. This effect is due to the greater penetration by 
light of >600 nm wavelength. Thus the marked affinity of oligomeric porphyrins for 
tumour tissue coupled with the spectral properties of chlorins has opened new and 
promising prospects for the design of new and effective photosensitisers for PDT. 
Mironov and coworkers70,72,73,76 have synthesised a range of bis(chlorin) dimers 
(58)-(59) and a porphyrin-chlorin heterodimer (60) which are linked by ether 
containing bridges, for investigation as novel PDT photosensitisers. 
0 
(58) 
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0 
(59) 
(60) 
It was shown that the porphyrin and chlorin subunits of heterodimer ( 60) act as 
discrete entities rather than on large, delocalised n-electron system. The weak 
interaction of the n-conjugated macrocycles leads to very small red shifts of the 
electronic spectrum of (60), but does not change the main photophysical parameters 
of the chlorin subunit. Upon the optical excitation of (60) in solvents of various 
polarities, the porphyrin and chlmin subunits do not interact via a charge transfer 
mechanism, because the energies of charge transfer states are higher than the locally 
excited S1 states of the interacting macrocycles. The strong porphyrin fluorescence 
quenching is caused by the effective singlet-singlet nonradiative energy transfer to 
the chlorin subunit. This process was found to take place without quantum loss and 
occurred after the complete vibrational relaxation within the lifetime of the donor S1 
excited state. 
Ando et az.74 have reported their synthesis of the amide-linked chlorin e6 dimer and 
oligomer (61) and (62), respectively. 
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(61) n = 0 
(62) n = 1 
33 
N 
Ando chose an amide linkage over the more popular ester- or ether-linkage due to the 
lower number of possible isomers and the fact that the ester- and ether-linkages are 
more prone to bond cleavage. Preliminary studies have shown that there is only one 
isomer produced and that it absorbs more strongly than porphyrin counterparts in the 
wavelengths applicable to PDT, however, deeper in vitro and in vivo studies are 
currently under way. 
1.8. PROJECT PROPOSAL AND TARGET MOLECULES 
As explained above there is now quite a wealth of knowledge pertaining to fully 
conjugated alkyne-linked multiporphyrin systems however, this knowledge is yet to 
be applied to the chlorin macrocycle. By utilising the chlorin rather than porphyrin 
chromophore, a model more akin to the 'special pair' in the photosynthetic reaction 
centre should result. Thus, the main objective of this project was to synthesise the 
1,3-butadiyne-linked bis(chlorin), shown in Figure 1.7. 
H H 
Figure 1.7. The desired target alkyne-linked bis(chlorin). 
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The desired target molecule in Figure 1.7 should be fully conjugated with a 
delocalised rc-system, which will allow for extensive interchromophmic 
communication. The electronic properties should be similar to those of the porphyrin 
analogue (3a), but the incorporation of the chlorin moieties should also provide a 
method of tailoring the UV /visible spectrum. The synthesis of the desired target 
molecule will also provide a base compound for which further in depth studies may 
be based around in order to assess whether this system truly mimics those found in 
nature. 
The second thrust of this project was to prepare a porphytin-chlorin heterodimer 
linked by a conjugated alkyne bridge, as shown in Figure 1.8. 
Figure 1.8. The desired alkyne-linked chlorin-porphyrin heterodimer. 
The above compound will be the first alkyne-linked porphyrin-chlorin heterodimer 
reported. The properties should be a hybrid of those of related bis(porphyrin) and 
bis( chlorin) systems. 
Also of interest to this project, was the investigation of the preparation of novel 
bis(porphyrin) systems by low-valent nickel(O) or palladium(II) catalytic coupling 
reactions. And the use of the Takai reaction, which is a method for the conversion of 
an aldehyde group to an E-iodoalkene by the means of a low-valent organochromium 
intermediate, on several formylporphyrins. 
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2.1. SYNTHESIS OF PORPHYRINS DIMERS LINKED BY 1,3-BUTADIYNE 
BRIDGING GROUPS 
2.1.1. Introduction 
Arnold et az.19 reported the first example of a mesa-ethynyl porphyrin and its 
conversion to the 1,3-butadiyne dimer as shown in Scheme 2.1. 
Scheme 2.1. Synthesis of the ethynyl substituted monomer (66) and the butadiyne linked (3a) 
NiOEP 
(i) 
NiOEP-CHO 
(63) 
NiOEP-C CH 
(66) 
1 (vi) 
(ii) 
NiOEP-CH= CH2 
(64) 
(iv) 1 (iii) 
NiOEP-CH= CHBr 7 (65) 
NiOEP-C C-C C-NiOEP 
(3a) 
(i) POC13,DMF/THF; (ii) l.CH3MgBr, 2.H+/ether, -H20; (iii) pyridinium hydrobromide perbromide; 
(iv) [PPh3CH2Br]Br/BuLi/THF; (v) KOtBu/THF, (vi) Cu(II)(OAc)z/pyridine 
The original synthesis of (65) involved bromination of (64) by pyridinium 
hydrobromide perbromide to produce cis/trans (65). Dehydrobromination of (65) by 
NaH I DMSO yielded the ethynylporphyrin (66). An overall yield of 14% was 
achieved for the synthesis of (3a) from NiOEP. A modified procedure has since been 
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reported20 which involves the synthesis of (65) directly from (63) by a Wittig 
reaction using the bromomethylene ylide. 
The acetylenic porphyrin (66) is readily susceptible to oxidative homocoupling to 
yield the butadiyne-linked porphyrin dimer (3a)_l9,20 This oxidative coupling 
occurred during chromatography or can be forced by heating a solution of (66) in 
pyridine with copper (II) acetate. 
2.1.2. Improved Synthesis of 1,3-Butadiyne Bis(nickel(II)octaethylporphyrin) 
The ethynylporphyrin (66) is an important compound for the synthesis of porphyrin 
dimers linked by triple bonds)9,20,23,24,36,47,51,52 The relatively low yield of the 
Wittig reaction is one of the limitations encountered in the synthesis of (66). The 
inevitable contamination of the product with differing amounts of vinylporphyrin 
(64) is also a well known limitation of the Wittig reaction. The vinyl monomer 
cannot be removed chromatographically from (65) but may be removed by repeated 
recrystallisation of the product, however this method is tedious, time consuming and 
generally results in diminished yields of the desired product. 
With the above problems in mind it was decided to investigate different reaction 
conditions in order to see if any improvements to the Wittig reactions could be made. 
The first modification involved variation of base and temperature, and the second 
was to use the Takai reaction.77 
Preparation ofmeso-Halovinyl Porphyrins via a Wittig Reaction 
(a) When a suspensiOn of the phosphonium salt in dry THF (distilled from 
potassium/ benzophenone immediately before use) was treated with an equimolar 
amount of potassium tert-butoxide under an inert atmosphere at dry ice temperature, 
the yellow coloured ylide was formed. In the preparation of the ylide, the reaction 
temperature is an important factor. At room temperature, the formed ylide seemed to 
be instantaneously quenched by tert-butanol produced from the base; similar results 
have been reported by Matsumoto and Kuroda.78 When the ylide formed at -78 °C 
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was reacted with aldehyde (63) it was found that the trans-bromovinyl porphyrin 
(65) was formed exclusively with no contamination from the vinyl species (64) 
detectable (TLC, 1H NMR). The yield was comparable to the reported conditions,79 
however the problems caused by the presence of the vinyl compound in subsequent 
reactions are nonexistent. 
Preparation ofmeso-Halovinyl Porphyrins via a Takai Reaction 
The second method investigated involved the use of the Takai reaction to prepare the 
haloalkenyl porphyrin. 
(b) The Takai reaction is a simple and stereoselective method for the conversion of 
aldehydes to the corresponding (E)-alkenyl halides usmg a low-valent 
organochromium reagent. 80 
The first organic chemical reactions involving chromium(II) made use of the 
reductive potential of the ion, mainly to achieve dehalogenations.81 Later, alkene 
formation from organic 1,2-dihalides and the first C-C-couplings were also 
discovered. 82-84 Chromium(II) reagents gained their place in modern organic 
synthesis in the late 1970s when Nozaki and Hiyama85 discovered the ion to promote 
chemoselective C-C-couplings in aprotic solvents (Wurtz- and Hiyama-Nozaki 
reactions). Despite the wide and varied types of organic reactions involving 
chromium ions, the next section will be limited to alkenation reactions, especially the 
Takai reaction. 
The use of gem-dihalides instead of alkyl halides with an excess of Cr(II) in the 
presence of an aldehyde leads to the formation of carbon-carbon double bonds. The 
reaction is a non-basic and mild alternative to the Wittig reaction and related 
alkenations and is applicable to a large variety of substrates as shown in Table 2.1. 
Y-CHX2 
y X 
H I 
Alkyl I 
Cl Cl 
Br Br 
I I 
SiR3 Br 
SnR3 Br 
SR Cl 
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+ R-CHO 
Crii 
Yield(%) 
70-92 
73-97 
-75 
55-73 
66-80 
70-80 
-60 
68-83 
Y~R 
E isomer 
88-98 
>90 
80-92 
70-90 
Table 2.1. Carbonyl alkenation reactions of substituted 1,1-dihalomethanes with >4 equiv. 
chromium(II)81 
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The use of haloforrns (X = Y = Cl, Br, I) allows for the simple conversion of 
aldehydes and ketones to the corresponding haloalkenes in reasonably good yields 
and good E-stereoselectivity. a,~-Unsaturated aldehydes can also serve as substrates 
to produce halodienes. In a competition experiment80 with aldehyde and oxo groups 
in one molecule, the aldehyde is converted to the haloalkene almost exclusively and 
only a small amount of the double haloalkenated product is obtained. If ketones are 
used as the only source of carbonyls, alkenation can be achieved in good yields. Thus 
4-tert-butylcyclohexanone was converted into the resulting iodoalkene with 
iodoform and CrC}z/NiCh in a 75% yield.80 
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Scheme 2.2. Possible mechanism for the Takai reaction 77,81 
[ 
X Crcn) I 
~ (Ill) 
X= I, Br, (Cl) y Cr 
C (ll) r • 
C (Ill) l r ? Y~Cr(Ill) (~ Y~CrCIII)) 
(68) (69) (70) 
(A) l R-CHO (B) l R-CHO 
YVR X 
• 1/ y~R(IIl) ~R 0 y IE>>ZI 
(71) (72) r (73) 
Crcm Crcm y~R IE=Z I 
Two mechanisms, (A) and (B), shown in Scheme 2.2 have been discussed, of which 
path (B) seems to be the more likely one. 80,81 With four equivalents of Cr(II), 
geminal dichromoalkyl compound (69) is formed. This reacts with aldehydes, 
possibly diastereoselectively,81 to a chromium 2-chromium alcoholate which 
eliminates preferentially syn formation of the E-alkenes (73). (a-
Haloalkyl)chromium(III) compounds (68) are known,81 but the aldehyde addition 
products (72) (or (71)) on further reaction with two equivalents of Cr(ll) do give 
different results. If elimination occurs, almost no or even Z-diastereoselection is 
found.81 No hydrolysis products of either (68) (or (72)) were detected, as well as no 
cyclopropanes from insertion reactions of the chromium carbenoid (68) (or (70)) into 
C=C-double bonds of unsaturated aldehydes. 81 
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Scheme 2.3. Alternative synthesis of the 1 ,3-butadiyne dimer (3a) utilising the Takai reaction to 
synthesise (74) 
NiOEP-CHO 
(63) 
(i) 
NiOEP-CH=CHI 
(74) 
! (ii) 
NiOEP-C-CH 
(66) ! (iii) 
NiOEP-C C-C C-NiOEP 
(3a) 
(iv) 
(i) CrClz/CHI3/THF, (ii) 1Bu0K/THF, (iii) Cu(Il)(OAch/pyridine, (iv) 1. 1Bu0K/pyridine, 2. 
Cu(II) ( 0 Ac h/pyridine. 
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It was because of the Takai reaction's ease, selectivity and high yields that it was 
worthy of investigation on aldehyde substituted porphyrins. A literature version86 of 
the Takai reaction was performed on aldehyde (63) with an aldehyde : iodoform : 
chromous chloride molar ratio of 1 : 2 : 6. It was found to be essential that the 
reaction is performed under very dry conditions with all of the solid reactants (CrC}z, 
CID3 and (63)) gently flame dried under high vacuum and the THF distilled from 
potassium!benzophenone immediately before use. It was found by TLC that a 
reaction occurred rapidly, which was later confirmed as the production of 
iodovinylporphyrin (74), however, after three hours there was still a considerable 
amount of starting material(~ 75%) left. When the molar ratio of CrC}z and CID3 to 
aldehyde was increased five-fold (i.e. 30 : 10 : 1) and the reaction repeated it was 
found that there was almost full conversion of the starting material and a reasonable 
yield (75%) of (74). During the work-up of the crude reaction mixture to remove any 
residual iodoform, it was found to be necessary to dissolve the crude pigment in ether 
with an excess of tetrabutylammonium fluoride (TBAF), after which an oily brown 
residue formed with a dark red supernatant which contained the desired product. The 
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brown oily residue was easily removed by filtering the mixture through a short plug 
of silicagel. 86 Although the mode of action, between iodoform and TBAF is not 
explained by Andrews et al., 86 it is thought that a tetrabutylammonium salt is formed 
which is insoluble in ether and is thus removed by the filtration process. This mode 
of action is not entirely certain, however due to the ease and the effectiveness of 
removing residual iodoform from the crude product, further investigations were not 
undertaken. 
From 1H NMR experiments on (74), it was found that the iodovinyl species was 
formed entirely as the £-isomer with none of the Z-isomer detectable. It has been 
reported80,81 that as the bulkiness of the aldehyde substituent increases so does the 
EIZ ratio. This indeed seems to be correct with the obvious steric constraints 
conferred by the octaethylporphyrin moiety giving rise solely to the £-isomer. 
Upon careful examination of the 1H NMR spectrum of the crude product, two minor 
side products were identified, the methyl ketone (75) in 12% yield and the 
acetaldehyde (76) in a 1% yield. 
(75) (76) 
The methyl ketone product was fully characterised by 1H NMR, FAB MS, 
UV/visible spectroscopies and elemental analysis. The 1H NMR spectrum of (75) 
displayed a singlet at 2.74 ppm, which integrated as three protons and was thus 
assigned to the meso-acetyl substituent. In line with other meso-substituted OEP 
compounds, (75) displayed a set of downfield shifted signals that were assigned to 
the 3,7-ethyl groups. The downfield shift arises from the anisotropic effects that the 
meso-substituent has on the nearby ethyl groups. In addition, crystals were submitted 
for X-ray structure determination. The structure so obtained was of poor quality, but 
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was sufficient to identify the meso-acetyl substituent (Figure 2.1). A search of the 
literature failed to find any previous characterisation of this rather simple NiOEP 
derivative. And acetaldehyde (76) was identified by comparison of spectral data (1H 
NMR and UV/visible) with that of the literature.79 
Figure 2.1. The X-ray crystal structure of methyl ketone (75) 
The formation of (75) can be explained as an offspring of the Takai reaction, namely 
the Hodgson reaction88 which allows for a one step conversion of aldehydes to 
homologous methyl ketones in good yields. 
Part A, Results I Discussion 44 
Scheme 2.4. Possible mechanism for the Hodgson reaction88 
I.., H 
-c/III)I I., ' H I., ,H + Cr(II) 
' c {c'I c I/ 'I I/ 'cr(III) -Cr(III)I 
\_ 
Cr(II) Cr(II) (77) 
H c(III) c(III) 
OCr(III) 
. ' Cr(II) r, , r R-CHO 
/ C, (III) /c, R~H I Cr I H 
(78) (79) 
Cr(III) I 
(80) 
C (III) QC (III) OCr(III) + 0 
- r I ~r H I H )~ R c{ ,C~ H20 R CH2 
(81) 
As seen in Scheme 2.4. a possible mechanism for the formation of (75) has been 
proposed.88 The chromium enolate (81) is formed at some stage prior to the work-up. 
In order to explain the formation of the enolate it is suggested88 that after the 
generation of a gem-dichromium reagent (79), aldehyde addition follows to give the 
adduct (80). a-Elimination from the adduct and carbene insertion into the adjacent 
C-H bond gives the chromium enolate (81). During the work-up or TLC, on exposure 
to water, the ketone is formed, thus yielding (75). 
The formation of acetaldehyde (76) can be explained in a similar way to that of (75) 
by using the common intermediate (81), as shown in Scheme 2.5. 
Scheme 2.5. Formation of acetaldehyde (76) from chromium enolate (81) 
OCr(III) 
I (III) 
R ~C~:::::;;:====:: R ~OCr 
(81) 
Part A, Results I Discussion 45 
From Scheme 2.5 it can be seen that the chromium enolate (81) can equilibrate 
between two structures. If the less sterically hindered of these two structures is 
protonated on exposure to water during either working up the product or TLC 
analysis acetaldehyde (76) may be formed. 
Following the success of the Takai alkenation in forming (74), it was decided to 
attempt similar work on derivatives of other divalent metals. This is because it was 
found24 that the nature of the central metal has a moderate effect on the extent of 
interchromophoric communication. The preparation and properties of these hetero-
or homo-metallated analogues of the butadiyne-linked dimer (3a) containing metals 
other than nickel (II) have been reported by Arnold and Heath.24 The method of their 
preparation is shown in Scheme 2.6. 
Scheme 2.6. The preparation of hetero-metallated analogues of (3a) 
10%~SO/ u OEP·----===---.::r OEP NiOEP-----=---=--NiOEP TFA ... -'-2 ... -'-2 
- ~OEP ~X M10EP·-------~OEP 
The Takai reaction was repeated on CuOEP-CHO (82), ZnOEP-CHO (83) and 
H20EP (84) in a similar manner to that used for NiOEP-CHO. Unfortunately, none 
of the desired iodovinyl species were detected during or after the reaction with the 
metallated derivatives (82)-(84). Due to similarities in Ni(II) and Cu(II) porphyrins4 
it was thought that (82) would be the most likely to react smoothly under Takai 
conditions, however both the reaction at room and elevated temperatures failed to 
yield the desired product. 
From the above experiments it can be seen that the metallation state of the 
macrocycle plays an important role in transformations of substituents. In NiOEP the 
co-ordinated nickel(II) ion is slightly electron-donating towards the macrocycle. This 
may effect the electron distribution of the substituent in such a way as to make the 
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aldehyde substituent more favourable towards the Takai reaction; a situation that is 
not available within other metalloporphyrins. However, this case is not all that 
unusual as Arnold and Nitschinsk20 have also reported that the Wittig reaction to 
give bromoethenyl (65) does not proceed with copper and zinc aldehydes, (82) and 
(83) respectively. In both the Takai and Wittig reactions the key step in the reaction 
mechanism involves the attack of the carbonyl carbon by a nucleophile. The 
nickel(ll) ion must effect this position favourably, thus allowing for the conversion 
of the formyl group. 
It is also well known that nickelated porphyrins are not planar but have a slightly 
ruffled conformation due to the co-ordinated nickel ion being slightly too small to fit 
perfectly in the central cavity of the porphyrin1 (see Section 1.1.1.). This ruffling of 
formyl NiOEP may alleviate some of the steric crowding around the substituent that 
may allow for greater access of the low-valent organochromium reagent of the Takai 
reaction. The easy access of this reagent may not be available in more planar 
porphyrins such as formyl Cu or ZnOEP. 
With the lack of success of the Takai reaction with other metallated porphyrin 
aldehydes, it was decided to try the reaction on a different nickel(ll)porphyrin, 
namely formyl nickel(ll) tetraphenylporphyrin (85) in order to rule out NiOEP-CHO 
being exceptional. 
Scheme 2.7. Takai reaction with NiTPP-CHO (85) 
. CrCI/CHI3 NITPP-CHO THF 
(85) 
NiTPP-CH=CHI 
(86) 
When the reaction was repeated with (85) under the usual Takai conditions it 
proceeded smoothly with the desired iodoolefin being produced in a total yield of 
87%. This is a substantial improvement over the published procedure of Arnold and 
Nitschinsk20 which utilised a Wittig reaction using a bromomethylene ylide to yield 
the bromoethenyl analogue as a mixture of cis/trans isomers in an overall yield of 
70%. 1H NMR experiments showed that the reaction was not as selective as it was 
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with the meso-substituted (74), with a mixture of approximately 50:50 cis/trans 
isomers formed. 
The dehydroiodination of (74) was successfully achieved with an excess of tBuOK in 
dry THF in an almost quantitative yield. Along with the desired alkyne (66), a small 
contamination of the 1,3-butadiyne dimer (3a) was also seen in the 1H NMR 
spectrum. The presence of (3a) is in accordance with the literaturel9,20,79 that (66) 
can spontaneously oxidise to (3a). 
From Scheme 2.3, it can be seen that there has also been a considerable improvement 
made in the synthesis of the dimer (3a), with the two steps previously required for 
the dehydroiodination and coupling being reduced to a one-pot reaction step. If the 
iodovinyl species (74) was dissolved in dry pyridine and a two-fold excess of tBuOK 
added and the reaction stirred for one hour at room temperature. Then an excess of 
Cu(II)(OAc)z added and the reaction temperature raised to 60 °C and stirred for a 
further three hours, the green 1,3-butadiyne dimer (3a) can be isolated in a good 
yield of 84%. The yield is an improvement over that obtained before20 and there is a 
considerable saving in time and manipulations. In particular there is no 
contamination from the vinyl monomer (64). The above improvements for the 
synthesis of (3a) IS significant because several research 
groups5,20,23,24,28,36,39,40,47,51,52,79 utilise (3a) and its alkynyl precursor (66) as a 
starting materials for further investigative work. 
On one occasion when the one-pot method discussed above was being carried out on 
a large scale and the dehydroiodination step was not fully complete before the 
coupling step was initiated by the addition of the Cu(II)(OAc )2, two polar green 
compounds were detected by TLC. One of these polar compounds was found to be 
formylvinyl nickel(II)octaethylporphyrin (87) by comparison of its spectral data (1H 
NMR, and UV/visible) with that of the literature.58,89 
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H 
(87) 
The presence of (87) in this reaction is quite puzzling, as there is no sensible reason 
for its formation from the reactive species present in the reaction mixture. There is a 
slight chance that it may have been formed in the Takai reaction in a similar manner 
to that of (76) (see Scheme 2.5.) but an extra molecule of iodoform giving the one 
carbon elongation. However, due to the vastly different chromatographical behaviour 
of the two species i.e. formylvinyl (87) (very polar) and iodovinyl (74) (less polar) 
the separation of the two compounds should be fairly straightforward. Also, (87) has 
never been detected in any of the 1H NMR spectra of the Takai products. 
In a separate experiment which was designed to investigate the origin of formyl vinyl 
(87), iodovinyl (74) was treated with an excess of Cu(OAc)z in dry pyridine and 
heated at 60 °C for several hours. No changes by TLC were noted and the starting 
material suitably recovered. Thus the presence of (87) in this reaction mixture is an 
unexplained unique event. 
The other compound displayed an interesting 1H NMR spectrum with the appearance 
of six meso-hydrogens indicating that it was comprised of two non-equivalent 
porphyrins linked via some kind of bridge and was therefore worthy of further 
investigation. After more detailed NMR analysis along with mass and infrared 
spectroscopy, the structure below, the ene-one-yne dimer (88) was proposed. 
(88) 
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The 1H NMR spectrum of (88) displayed a set of downfield shifted ethyl signals, 
which was assigned to the 3,7-ethyl groups and hinted at the presence of a meso-
alkynyl group. A pair of doublets at 5.94 and 10.14 ppm (J = 15.0 Hz) supported the 
conjugated trans-alkene with the most downfield signal arising from the proton next 
to the macrocycle. 
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Figure 2.2. The infra-red spectrum of (88) 
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This structure was also supported by an elemental analysis and the presence of a 
medium/strong peak in the infra-red spectrum at 1637 cm-1 (see Figure 2.2.) which 
corresponds to a conjugated a,~-unsaturated carbonyl stretch. The presence of a 
strong peak at 2161 cm-1 also confirmed the presence of a conjugated unsymmetrical 
alkyne. 
The UV/visible spectrum of (88) (see Figure 2.3) showed a broad shoulder on the red 
side of the Soret band extending upto ""500 nm and a red shifted and intensified Q-
band by approximately 50 nm. These minor changes are indicative of some 
interchromophoric communication or extension of the n-system of the macrocycles, 
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but it can be seen that these effects are quite limited when compared with fully 
conjugated systems, such as (3a).20 
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Figure 2.3. The UV/visible spectrum of ene-one-yne dimer (88) (recorded in CHC13) 
By looking at the structure of (88), it can be envisaged that it could be formed by a 
coupling of alkyne (66) with the formylvinyl species (87) that is also present in this 
reaction as a side-product. The Cu(ll) present may have functioned as an alkynyl 
transfer reagent and an oxidant. With this in mind the reaction was repeated under 
similar conditions with a sample of (66) added to a stirred solution of (87) dissolved 
in pyridine in the presence of copper (IT) acetate. After three hours at 60 °C, TLC 
analysis showed the appearance of the expected butadiyne dimer (3a) and residual 
formylvinyl starting material, however none of the desired dimer (88) was detected. 
Therefore, this occurrence presently remains an unexplained unique event. 
2.2. SYNTHESIS OF NOVEL BIS(PORPHYRINS) BY LOW-VALENT 
METAL COUPLING REACTIONS 
2.2.1. Directly meso-meso Linked Bis(porphyrins) 
Directly 5, 5'-linked bisporphyrins are attracting interest as multichromophoric 
model systems for the study of electron transfer reactions related to photosynthesis. 
The direct meso-meso connection in systems like (89) results in interesting electronic 
properties, e.g., a large exciton splitting of the Soret absorption band.90 
Part A, Results I Discussion 51 
R R 
R R 
(89) 
(90) R = 1,3-di-tert-butylphenyl 
During the last few years several approaches have been described to prepare such 
meso-meso linked bisporphyrins. Coupling of 5,15-disubstituted 10-
formylporphyrins with dipyrromethanes gave (90) and a trisporphyrin in very low 
yields.91 A more facile method utilised the Ag(I) promoted oxidative coupling of 5, 
15-diarylporphyrinatozinc(ll) for the preparation of mixtures of dimers, trimers and 
tetramers in low yields.90 Utilisation of different central metals later afforded the 
regioselective preparation of both meso-meso and meso-~ linked porphyrins in low 
yields.92. The use of organolithium reagents has also been reported93 with more 
synthetically satisfactory yields achieved for the preparation of meso-linked dimers. 
Recently94 it has been shown that a zerovalent nickel catalyst, [Ni(C0)2(PPh3) 2] is 
effective in the coupling of aryl halides to efficiently yield biaryls under relatively 
mild conditions. As shown in Scheme 2.8, this Ni(O) catalyst is effective in the 
coupling of a wide variety of substrates. 
Scheme 2.8. The preparation of biaryls using a Ni(O) catalyst94 
O x 0 R 
X=Hal 
R = H, CHO, C02H, Me 
~ RAN~X 
X=Hal 
R= H,Py, Ph 
R-o-o-R 
~ /-N' N-\ 
R R 
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The mechanism of the coupling of haloaryls with this nickel(O) catalyst was not 
explained by Leadbeater,94 however, it is presumed that the mechanism outlined in 
Scheme 2.9. which is relevant for other zero-valent nickel coupling reactions95,96 is 
also relevant for this case. 
Scheme 2.9 Mechanism for the coupling of haloaryls using a nickel(O) catalyst 
2ArX 
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With this new catalyst in hand, it was decided to investigate the preparation of meso-
meso linked porphyrin dimers by the use of a Ni(O) catalyst as shown in Scheme 
2.10. 
Scheme 2.10. The proposed coupling of NiDPP-Br (91) to give meso-meso linked (92) 
NiDPP-Br 
(91) 
NiDPP-NiDPP 
(92) 
To a stirred solution of the monobromo-porphyrin (91) in dry DMF the Ni(O) catalyst 
was added and the reaction monitored by TLC. After several hours it was seen that 
no reaction had happened so the temperature was raised. This also had no effect on 
the reaction with no conversion of the porphyrin. 
Due to similarities between haloaryls and halovinyl compounds in coupling 
reactions, it was also decided to attempt to couple the iodovinyl porphyrin (74) with 
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itself using the Ni(O) catalyst as shown in below. The butadiene (93) is a desirable 
target which is so far unreported. 
Scheme 2.11. The proposed coupling of (74) with a Ni(O) catalyst 
NiOEP-CH=CHI NiOEP~NiOEP 
(74) (93) 
The monomer (74) was dissolved in DMF in the presence of a catalytic amount of 
[Ni(C0)2(PPh3)2] and stirred at room temperature for a period of 24 hours. The 
reaction was monitored by TLC and no changes were detected. It was decided to 
repeat the reaction at an elevated temperature in order to try to force a reaction. 
When the reaction was repeated at 70 °C using DMSO as the solvent it was once 
again found that no conversion of the porphyrin had occurred and the starting 
material suitably recovered. 
From the attempted coupling reactions involving monobromo (91) it can be seen that 
the more mild conditions that are suitable for the facile coupling of simple substrates 
as shown in Scheme 2.8 are not suitable for the more difficult meso-meso coupling of 
porphyrins. Perhaps the steric interactions between the ~-hydrogens of the 
neighbouring macrocycles preclude couplings involving meso-metallated systems 
(see Scheme 2.9). And the radical-cation methods such as those reported in the 
literature90,92,93 are clearly better. Arnold and co-workers97,98 have prepared 
systems of meso-11 1-palladio- and platinioporphyrins by oxidative addition of 
bromoporphyrins to Pd(O) and Pt(O) complexes. However, systems with two 
porphyrins attached to one metal have yet to be described. 
2.2.2. The Preparation of Novel Alkyne-Linked Bis(porphyrins) by Pd(ll) 
Catalysed Coupling 
There has been considerable interest in literature, especially the work of Therien and 
co-workers21,25 on the synthesis of novel multichromophoric porphyrin systems that 
have utilised palladium catalysed cross-coupling reactions. Some of these novel 
systems have been discussed in section 1.2.2. Pd(II) coupling has also been used 
Part A, Results I Discussion 54 
extensively by the Arnold group23,47,51,79,99 to produce novel porphyrin-containing 
systems. 
It was hoped that the meso-meso/- ethyne-linked heterodimer (94) could be 
synthesised utilising palladium(ll) catalysed cross-coupling. So far, alkyne-linked 
bis(porphyrins) containing unlike porphyrins (heterodimers) have not yet been 
reported. 
Scheme 2.12. The proposed synthesis of ethyne-linked (94) 
(66) + (91) NiOEP---NiDPP 
(94) 
To a 1:1 mixture of dry THF and triethylamine, ethynyl (66) and monobromo (91)100 
were added in the presence of catalytic amounts of Pd (ll) and Cui. The reaction 
mixture was heated to 60 °C and stirred for three hours. The colour of the reaction 
changed from red to green. Analysis of the reaction mixture showed the presence of a 
porphyrin dimer, however it was later found to be the homodimer (3a) and not the 
desired heterodimer (94). 
THF was used in the reaction as a solvent as well as the required base, triethylamine, 
in an attempt to help solubilise the more insoluble (91). It was hoped that the 
increased solubility conferred by using THF would give (91) enough time to couple 
with (66) before (66) couples with itself to give the 1,3-butadiyne dimer (3a). 
However, this strategy was found to be unsuccessful overcoming the very facile 
homocoupling of (66)_19,20,79 
2.3. SYNTHESIS OF ALKYNE-LINKED DIMERS CONTAINING 
CHLORINS 
As explained in chapter one, the preparation of systems containing porphyrin and 
porphyrin analogues linked by conjugated bridges is a fertile area of research. 
However the preparation of a bis(chlorin) system linked by a 1,3-butadiyne bridge 
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has not yet been reported. The following sections will outline the work taken to 
preparing such a system. 
2.3.1. Preparation of Chlorin Staring Materials 
The formyl chlorin (100) was prepared by a standard reaction sequence as shown in 
Scheme 2.13. 
Scheme 2.13. The preparation of formylchlorin (100) 
H20EP 
(i) 
Fe(OEP)Cl (ii) Fe(OEC)Cl 
(95) (96) (97) 
1 (iii) 
NiOEC-CHO 
(v) 
NiOEC 
(iv) 
H20EC 
(100) (99) (98) 
(i) FeC13.H20/NaOAc/glac. CH3COOH, (ii) Na!isoamyl alcohol, (iii) glac. CH3COOH/Fe(II)S04, (iv) 
NiCh.H20, (v) 1. POC13/DMF, 2. sat. NaOAc. 
The free-base porphyrin (95) was metallated to yield the iron(III)porphyrin chloride 
(96) by the method of Whitlock et al. 54 in a 99% yield. The porphyrin (96) was then 
partially reduced to give the trans-chlorin (97) by a dissolving metal reduction,54 
which was then immediately demetallated to give the free-base chlorin (98) in an 
overall yield of 72% from (96). The free-base chlorin (98) was metallated with Ni(ll) 
to give (99) in 83% yield using the method of Stolzenberg and Stershic.lOl The 
formylchlorin (100) was prepared by the method of Senge et al. 56 via a Vilsmier 
formylation. During the fonnylation reaction there was a small amount ( <5% by 
NMR), of inseparable formylporphyrin (63) contamination due to spontaneous 
oxidation of the chlorin, and thus in all subsequent reactions there will always be a 
small amount of the corresponding porphyrin species present. 
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2.3.2. 1H NMR Spectra of Chlorins 
The purpose of this section is to explain how the 1H NMR spectra of chlorins differ 
from those of porphyrins and what changes arise after the introduction of a meso-
substituent. For this discussion free-base trans-octaethylchlorin (98) will be used as a 
typical example of an unsubstituted chlorin and formyl-trans-
octaethylchlorinatonickel(II) (100) will be used as a typical example of a meso-
substituted chlorin. 
y 
Figure 2.4. The structure of a trans-chlorin and the IUP AC numbering system 
As shown in Figure 2.4. a simple unsubstituted chlorin has only one axis of 
symmetry (line XY) as opposed to the four-fold symmetry in a similar porphyrin 
assuming rapid NH tautomerisation in the free bases. In chlorin (98) the pyrroline 
ring methylene protons (21 or 31 ) (note : each of the two methylene protons on C21 
or C3 1 is non-equivalent) and the ~-H protons (2 or 3) form a distinctive ABX 
multiplet pattern as shown in Figure 2.5. The A and B protons of the multiplet are 
also coupled to methyl protons, however, the two chlorin protons (Hx) are equivalent 
and do not couple with each other in this unsubstituted case. 
The coupling constants J AX and J sx are not equal and the shift difference between the 
A and B multiplets is large (z 0.3 ppm) and centred around 2.2 ppm. The signal from 
the Hx is a doublet of doublets considerably downfield around 4.5 ppm. 
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The methyl signal (22 and 32) is seen upfield near 1.0 ppm as a triplet. The rest of the 
ethyl signals are in similar places as those for similar porphyrins, e.g. (95) i.e. CH3 
near 2 ppm and CH2 near 4 ppm as overlapping quartets and triplets respectively. 
The meso-protons are seen far downfield near 9-10 ppm as two singlets 
corresponding to 5,20-H (the most upfield signal) and 10,15-H (the most downfield 
signal). 
By introducing a substituent into the 5-position (see Figure 2.4.) there are several 
changes to the chlorin moiety which can be clearly seen in the 1H NMR spectrum. 
Obviously the introduction of this substituent will remove the XY axis of symmetry. 
There are now two individual ABX sub-spectra present i.e. 2-H, 22-H and 3-H, 32-H 
and each can be clearly seen in Figure 2.6. 
The 2-H can be seen at approximately 4 ppm as a triplet (really a partially 
overlapping doublet of doublets) and it is coupled to the non-equivalent A and B 
multiplets near 1.6-1.8 ppm which are further coupled to a triplet at approximately 
0.9 ppm which is the 2-methyl group. Likewise the 3-H doublet of doublets seen near 
4.8 ppm is coupled to the two multiplets near 1.2-1.5 ppm which are in turn further 
coupled to the triplet near 1.1 ppm. The two chlorin protons, i.e. 2-H and 3-H, are 
coupled with each other, however J z 0, thus no extra splitting of these signals is 
seen. As expected the rest of the ethyl groups are seen as overlapping signals as 
explained above for (98). 
With the removal of the axis of symmetry the three meso-proton signals manifest 
themselves as three separate singlets with the most upfield signal near 8 ppm coming 
from 20-mesoH which is closest to the reduced portion of the molecule. 
2.3.3. Synthesis of a 1,3-Butadiyne-Linked Bis(chlorin) 
As discussed previously, the Takai reaction is a relatively simple method for the 
facile conversion of a formyl group to a haloalkene. Due to the success of the Takai 
reaction on formylporphyrin (63) it was considered worthy investigating this method 
for the conversion of the formylchlorin (100) to the analogous iodoalkene (101) as 
shown in Scheme 2.14. 
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Scheme 2.14 The Takai reaction with aldehyde (100) 
NiOEC-CHO 
(100) 
CrCliCHI3 
THF NiOEC-CH=CHI (101) 
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Aldehyde (100) and iodoform were dissolved in dry THF and added to a flame-dried 
suspension of CrClz in dry THF and the reaction stirred at room temperature. TLC 
analysis soon showed the presence of a less polar, faster moving spot that was later 
confirmed to be the desired alkene (101). After the usual reaction time of three hours 
the TLC still showed the presence of the vast majority of the starting material, and 
extended reaction times failed to promote any further conversion. The desired alkene 
was isolated from the starting material by column chromatography and further 
purified by recrystallisation in an approximate 10% yield. The structure of the alkene 
was confirmed by 1H NMR, UV/visible and mass spectroscopy. 
Due to the small yield of (101), the reaction was repeated several times using a larger 
excess of CrC1z/CHI3 and the use of elevated temperatures. In all cases the yield of 
(101) was not improved upon and the forcing conditions led to deformylation of the 
starting material to yield (99). 
The differences between the relative reactivities of the analogous porphyrin and 
chlorin, (63) and (100) respectively, towards the Takai reaction must be steric in 
nature. The more stetically demanding pyrroline ling adjacent to the formyl group 
must severely hinder the reaction and prevent any substantial conversion to the 
iodoalkene. 
After the disappointing results of the Takai reaction, it was decided to revert to the 
more traditional Wittig reaction utilising a bromomethyl ylide for the synthesis of the 
haloalkene (102) as shown in Scheme 2.15. 
Scheme 2.15. Preparation ofbromovinyl (102) via a Wittig reaction 
NiOEC-CHO 
(100) 
BrCH2PPh3Br . _ base/THF N10EC-CH -CHBr 
(102) 
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The initial approach towards this reaction was to use the method of James.79 The 
ylide was prepared by the treatment of the bromomethyltriphenyl phosphonium salt 
with one equivalent of butyllithium in very dry THF (distilled from 
potassiumlbenzophenone immediately before use). The colour changed from 
colourless to the characteristic intense yellow associated with ylide formation. 
Aldehyde (100) dissolved in dry THF was added via syringe and the reaction 
monitored by TLC. After 30 minutes the conversion was complete with the 
disappearance of the starting material and the appearance of a less polar, faster 
moving spot. After the subsequent work-up of the product, the residue was analysed 
by 1H NMR. It was found that the desired compound was present, however it was 
contaminated by the analogous vinyl compound (103) in an approximate 40:60 
composition. Further purification attempts by column chromatography and 
recrystallisation techniques failed to separate these two compounds. 
The presence of the vinyl compound can be explained by a metal-halogen exchange 
reaction as shown in Scheme 2.16. 
Scheme 2.16. Metal-halogen exchange in a Wittig reaction 
.;1:. - base 
Br-CH2t'Ph3 Br -HBr Br-CH=PPh BuLi 3 Li-CH=PPh3 + BuBr 
I R-CHO 
H+JHQ 
CH
2 
CH-R ~--=-2 - Li-CH-CH-R 
L "+ - 1 
To help explain the NMR spectrum of the mixed compounds, (102)/(103) the vinyl 
compound (103) was prepared independently via a similar Wittig reaction, but this 
time using a methylene ylide as shown in Scheme 2.17. 
Scheme 2.17. Preparation of vinyl (103) via a Wittig reaction 
NiOEC-CHO 
(100) 
CH3PPh3Br 
BuLi/THF NiOEC-CH=CH2 
(103) 
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To a stirred suspension of the phosphonium salt, one equivalent of BuLi was added 
to yield the desired ylide. Aldehyde (100) was added and the reaction stirred for 30 
minutes. After the work-up of the reaction and purification of the crude material by 
recrystallisation, (103) was isolated in 72% yield. The compound was characterised 
by NMR, UV/visible and mass spectroscopy. The 1H NMR spectrum of (103) clearly 
showed the presence of the vinyl group by an ABX sub-spectrum with three sets of 
doublets-of-doublets seen at 4.85, 5.75 and 7.98 ppm. 
The preparation of bromovinyl (102) was repeated, however this time the ylide was 
prepared at -78 °C in order to try to suppress the metal-halogen exchange reaction 
and hence lower the amount of vinyl (103) contamination. After work-up of the 
product it was found that the lower temperatures had partially suppressed the 
formation of (103), but only to the extent of the product containing a 50:50 mixture 
of (102):(103). 
The next strategy employed to try to minimise the formation of (103) was to change 
bases to one where the metal-halogen exchange was less likely to interfere. Thus the 
reaction was repeated utilising potassium tert-butoxide as the base in the preparation 
of the ylide. After preparation of the ylide in dry THF at -78 °C with one equivalent 
of tBuOK, aldehyde (100) was added and the reaction monitored by TLC. After two 
hours the reaction was stopped and the crude product purified by column 
chromatography and recrystallisation to give (102) in 47% yield. 1H NMR analysis 
showed that there was no detectable amount of alkene (103) present, but there was a 
very small amount of the analogous porphyrin (65) present. 
A summary of the above Wittig reactions is presented below in Table 2.2. 
Base Temperature/°C Yield of (102) Ratio (102):(103l 
BuLi 25 28 
BuLi -78 41 
tBuOK 
-78 47 
Table 2.2. Summary of Wittig reactions for the preparation ofbromoalkene (102) 
#Ratio (102):(103) determined by 1H NMR 
40:60 
50:50 
100:0 
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The yield of (102) was approximately 50% at best so it was then decided to try a 
different strategy to try to increase the yield. The strategy chosen was that of Konig 
and Zieg102 which uses a Corey-Fuchs reaction to prepare the gem-dibromoalkene 
(104) from aldehyde (100) as shown in Scheme 2.18. 
Scheme 2.18. Preparation of gem-dibromoalkene (104) via a Corey-Fuchs reaction 
NiOEC-CHO 
(100) 
CBr4,PPh~ NiOEC-CH=CBr
2 
_...::..b.:.:..:as...::..e __ NiOEC-C-CH 
Zn,R.T. 
(104) (105) 
With dibromoalkene (104) in hand it was presumed that it could be fairly easily 
converted to alkyne (105) upon treatment with a strong base, and then used for 
subsequent reactions. 
A suspension of zinc dust, carbon tetrabromide and triphenylphosphine in dry DCM 
was stirred for 60 hours at room temperature after which the solution consisted of a 
white solid and a red solution. An aliquot of this solution was added to a solution of 
aldehyde (100) in DCM. The reaction was monitored by TLC for three hours and no 
changes were detected. The reaction was worked-up and a green residue obtained. 1H 
NMR analysis of this residue proved that no conversion had occurred and that 
starting material had been recovered. 
With the bromoalkene (102) m hand it was decided to investigate the 
dehydrobromination to alkyne (105) and the subsequent coupling to yield 
bis(chlorin) (106). This was achieved using methods shown in Scheme 2.19. 
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Scheme 2.19 Preparation of alkyne (105) and its conversion to dimer (106) 
NiOEC-CHO 
(100) 
(i) 1Bu0K/THF, (ii) Cu(II)(OAc)z/pyridine. 
NiOEC-CH=CHBr 
(102) j (i) 
NiOEC-C:=CH 
(105) j (ii) 
NiOEc-c:=c-c:=c-NiOEC 
(106) 
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To a stirred solution of bromoalkene (102) in dry THF under argon an excess of 
tBuOK was added and the reaction stirred for one hour at room temperature. A 1H 
NMR spectrum of the crude product proved that the dehydrobromination was 
complete. A TLC of the residue showed the appearance of the desired alkyne (105) 
along with a slightly slower-eluting spot, which was later shown to be the 1,3-
butadiyne dimer (106). The presence of the dimer at this stage was in accordance 
with the literature19,20,79 for porphyrin analogues, which were claimed to 
spontaneously oxidise to their relative alkyne-linked dimers. 
The 1H NMR spectrum of (105) showed a singlet at 3.74 ppm that integrated as one 
proton that was assigned to the alkynyl proton. This proved interesting when 
compared to the alkynylporphyrin analogue (66), it can be seen that the signal from 
the alkynyl proton in (105) is approximately 0.8 ppm upfield from the same signal in 
(66). This change in chemical shift has shown that the reduced ring current of the 
chlorin has affected the substituent. Thus the anisotropic nature of the substituent is 
not the only factor that determines the chemical shift. 
The terminal alkyne (105) was homocoupled using Eglinton coupling conditions, as 
shown in Scheme 2.19. Thus, copper(ll) acetate monohydrate added was added to a 
stirred solution of (105) in dry pyridine under a drying tube in air. The reaction was 
monitored by TLC and was considered complete after three hours. The desired 
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chlorin dimer (106) was isolated in a 55% yield, and fully characterised by NMR, 
UV/visible and mass spectroscopies and elemental analysis. 
Since a chlorin is a partially reduced porphyrin, it was hoped that the oxidising 
conditions used in the Eglinton coupling reaction would not oxidise all or part of the 
chlorin dimer to give an inseparable mixture of (3a), (106) and the porphyrin-chlorin 
heterodimer. Fortunately this was found to be the case, and the slight difference in 
properties of (106) and its porphyrin analogue (3a) allowed for most of the porphyrin 
contaminant to be separated chromatographically. 
NMR spectrum ofthe bis(chlorin) (106) 
From a series of detailed NMR experiments (300 MHz, 750 MHz, 2D COSY) it was 
found that the butadiyne dimer (106) exists as a mixture (approximately 50:50) of the 
two stereoisomers shown in Figure 2. 7. The two stereoisomers differ in the 
orientation of the stereogenic ethyl group adjacent to the bridge. 
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Figure 2.7. Schematic diagram of the two possible isomers of (106) 
' 
' 
' 
In (107) both of the ethyl groups adjacent to the 1,3-butadiyne bridge are on the same 
face of the macrocycles. In (108) the ethyl groups are on opposite faces of the 
macrocycles. Obviously there are also rotamers of (107) and (108), however, due to 
the rapid rotation that is available around the butadiyne bridge,5,20,21,26 
consideration of only one planar conformer is sufficient. 
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Evidence for these two isomers is seen particularly well in the 750 MHz 1H NMR 
spectrum of (106). The signal that is assigned to the CH3 of the C3 ethyl group 
adjacent to the bridging group is seen as a quartet at 1.20 ppm. It is really two 
overlapping triplets with a difference in chemical shifts approximately equal to the 
coupling constant, as shown in Figure 2.8. 
I 
1 • 25 1 • 20 1 • 1 5 1 • 1 0 1 • 05 
ppm 
Figure 2.8. 750 MHz 1H NMR spectrum of (106) (recorded in CDCh) and simulation of the quartet 
at 1.20 ppm 
A similar example is seen in a signal at 4.0 ppm that has been assigned to the chlorin 
proton at C2 (see Figure 2.4.). This signal is seen as a quartet, but actually consists of 
two overlapping triplets separated by a difference in chemical shifts which is 
coincidental with the coupling constant. 
A 2D COSY NMR spectrum of the 1,3-butadiyne dimer (106) in deuterated benzene, 
also proved interesting for the fact that several features seen in the spectrum are not 
evident in the spectra of the precursor chlorin monomers. Due to the anisotropic 
effects of the butadiyne bridging group, the protons of the CH2 moiety of the ethyl 
groups attached to C7 and C7' are now non-equivalent and appear as part of an 
ABX3 sub-spectrum. Protons HA and HB are seen as a pair of downfield multiplets at 
4.05 and 4.30 ppm and are coupled to a downfield triplet at 2.03 ppm that has been 
assigned to the CH3 of the ethyl groups attached to C7 and C7'. A lD decoupling 
experiment revealed that HA and HB are coupled by 13.7 Hz. 
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The rest of the spectrum is in accord with a normal substituted chlorin. Two different 
ABX sub-spectra are seen for the two different ethyl groups on the pyrroline ring. 
Protons A and B are in turn coupled with an upfield triplet which has been assigned 
to their respective methyl moieties around 1 ppm. The two meso-protons 20- and 20'-
Hare seen as a singlet near 8.0 ppm and the other four meso-protons are seen as a 
pair of singlets near 9.0 ppm. 
2.3.4. Synthesis of a Chlorin Containing Heterodimer 
It was also considered worthy investigating the preparation of mixed chlorin-
porphyrin heterodimers linked by a conjugated 1,3-butadiyne bridging group. 
Initially, it was hoped that the chlorin-porphyrin heterodimer (109) could be 
prepared, so that the substitution patterns could be as similar as possible. 
(109) 
However, after experiences with (106) and (3a) it was thought that the dimers would 
be too similar in nature and a relatively pure sample of (109) would be unobtainable. 
It was decided to attempt to prepare a similar chlorin-porphyrin heterodimer (110) in 
expectation that the nickel(ll) diphenylporphyrin (NiDPP) moiety would impart 
characteristics that would allow for a relatively pure sample of (110) to be obtained. 
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(110) 
The silyl protected alkyne (112) was synthesised using the method of Arnold et az.99 
which utilises palladium(II) catalysed coupling of the monobromo porphyrin (91) 
with trimethylsilylacetylene, as shown in Scheme 2.20. The silyl-protected alkyrte 
(112) was easily deprotected by stirring it with tetrabutylammonium fluoride (TBAF) 
in DCM. The reaction was monitored by TLC and stopped by the addition of 
methanol after one hour. The 1H NMR spectrum of the residue showed complete 
deprotection with none of (112) detectable. 
Scheme 2.20. Preparation ofheterodimer (110) via an Eglinton coupling reaction 
NiDPP-Br 
(91) 
(i) 
NiDPP SiMe3 
(112) 
(ii) j 
NiDPP H 
(113) 
(iii) j NiOEC---H 
(105) 
NiOEC-----NiDPP 
(110) 
(i) [Pd(II)Ch(PPh3)z], Cu(l)l, Me3SiC2H/Et3N, (ii) TBAF/DCM, (iii) Cu(II)(0Ach.H20/pyridine. 
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Alkyne (113) was characterised by 1H NMR and UV/visible spectroscopies, however 
a sample of analytical purity was not obtained due to spontaneous oxidation to the 
homodimer. 
Therien and co-workers25 have prepared similar butadiyne-linked dimers (6b)-(8b) 
(see section 2.2.) by carrying out an Eglinton coupling directly on the silyl-protected 
alkynes and have achieved reasonable results. However, due to the facile 
homocoupling that (105) undergoes, it was thought best to carry out the extra step of 
deprotecting (112) in order to favour formation of the heterodimer. The method used 
for the formation of the heterodimer (110) was random co-coupling between (113) 
and (105). With this in mind, another strategy used to get the best possible yield of 
(110) was to keep the ratio of (113) to (105) at 2:1 so that (105) has a better chance 
of coupling with (113) than itself. Because of the known low solubility of DPP 
derivatives compared with OEP/OEC derivatives, the separation of the homocoupled 
(113) might be easier than the separation of homocoupled (105). 
Therefore under Eglinton coupling conditions of copper(ll) acetate in pyridine, one 
equivalent of (105) was added to two equivalents of (113) under a drying tube to 
allow for the infusion of air. The reaction was monitored by TLC and was considered 
complete after three hours. The TLC showed three spots: a stationary, insoluble 
green compound and two faster eluting green spots. The fastest eluting band was 
found to be the homocoupled-chlorin dimer (106) by comparison of the TLC with 
that of a genuine sample. The stationary, insoluble band was presumed but never 
definitively proven to be homocoupled nickel(ll)diphenylporphyrin dimer (114). 
Ph Ph 
Ph Ph 
(114) 
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This conclusion was based on the insoluble nature of the compound, which according 
to the literature21,25 is true for the zinc-metallated analogue of (114), especially 
when there are no solvents present that can ligate the central ion to help aid 
solubility. The UV/visible spectrum. of the very insoluble residue showed a broad 
(> 100 nm) Soret-like absorption centred near 450 nm which is in accordance with 
similar dimers.5,21,25 
The second fastest eluting compound was isolated and found to be the desired hetero-
coupled dimer (110) in 35% yield. The 1H NMR spectrum of (110) showed that it 
was contaminated with the related porphyrin-porphyrin heterodimer (115) by 
approximately 25%. The presence of (115) was not entirely unexpected due to the 
oxidising conditions of the Eglinton coupling reaction, which have partially oxidised 
the chlorin moiety to a porphyrin. 
(115) 
Heterodimer (115) was independently prepared as shown in a similar manner as 
(110) as shown in Scheme 2.21. 
Scheme 2.21. Preparation of heterodimer (115) via an Eglinton coupling reaction 
NiOEP-C-CH 
(66) 
+ 
NiDPP-C CH 
(113) 
Cu(II)( 0 Ac )2 
pyridine 
NiOEP---____....;_;.;.,__NiDPP 
(115) 
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Dimer (115) was characterised by 1H NMR, UV/visible and mass spectroscopies. 
The 1H NMR of genuine (115) and that of the contaminant in the spectrum of (110) 
agreed well. 
The upfield section of the 1H NMR spectrum of (110) was similar to that of (106). 
Features that were seen in the spectrum of (106) that are not present in chlorin 
monomer spectra were also present in the spectrum of (110). The non-equivalent 
methylene protons of the ethyl group at C7' are seen downfield as a pair of multiplets 
at 3.40 and 4.17 ppm and form part of an ABX3 sub-spectrum with a triplet at 1.86 
ppm. The two ABX sub-spectra for the ethyl groups on the reduced pyrroline ring are 
present near their usual upfield positions. 
The downfield part of the spectrum where the peaks from the NiDPP moiety are seen 
is fairly unremarkable and is similar to alkyne-substituted diphenylporphyrins in the 
literature.21,25,99 The only point of note is that the signal from the ~-protons on 
carbons 3 and 7, has been shifted downfield by approximately 0.2 ppm due to the 
anisotropy of the 1,3-butadiyne bridging group. 
2.3.5. UV/visible Spectra of 1,3-Butadiyne Dimers Containing Chlorins 
The UV/visible spectrum of dimer (106) is shown in Figure 2.10. 
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Figure 2.10. UV/visible spectrum of dimer (106) recorded in CHC13. 
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From this spectrum it can be seen that there are several features that appear as a 
result of dimerisation. The major change that is seen is the very broad split Soret 
band centred around 430 nm that actually consists of 3 main overlapping bands.5 The 
splitting of the Soret band is consistent with an extension of the aromatic n-system 
and indicative of considerable interchromophoric communication.5,19-21,23,25,47,51,79 
Also evident is the intensified and red-shifted chlorin-band near 640 nm, which is 
also indicative of extensive interchromophoric conjugation. The evolution of the 
spectrum after dimerisation is also characteristic of a narrowing of the chlorin 
HOMO-LUMO gap which has been extensively in porphyrin analogues.5,19-
21,23,25,47,51,79 
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Figure 2.11. UV/visible spectrum of porphyrin dimer (3a) (normal) and chlorin dimer (106) (bold) 
recorded in CHC13 
As shown in Figure 2.11., it can be seen that the characteristics seen in the porphyrin 
dimer (3a) i.e. split Soret band and a red-shifted, intensified Q-band, which have 
been extensively studied5,19,20,23,24,36,47,51,52,79 are also apparent in the chlorin 
dimer (106). The split Soret band of (3a) (Llli = 3100 cm-1)52 which has been used as 
a qualitative measure of the degree of interporphyrin 
conjugation,5,19,20,23,24,36,47,51,52,79 can be seen to be significantly broader than that 
of (106) (Llli = 2100 cm-1). This smaller degree of communication may be due to the 
reduced ring current of (106) when compared to (3a) which has arisen from the 
reduced pyrroline ring in (106). 
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From Figure 2.11., it can be seen that one of the main differences between the 
absorption spectra of bis(chlorin) (106) and that of bis(porphyrin) (3a) is the 
intensity of the respective Soret bands. Arnold and co-workers52 have reported that 
on dimerisation the Soret band is split into three main overlapping peaks and there is 
a drop in intensity of these peaks by approximately one-quarter of the extinction 
coefficient. For example, formylporphyrin (63) has an intense Soret band of 
approximately 1.6x105 Lmor1cm-1, while (3a) has Soret bands of approximately 
1.2x105 Lmor1cm-I,19 a drop of approximately one-quarter of the extinction 
coefficient is seen. On the other hand, formylchlorin (100) has a Soret band of 
approximately 0.8xl0-5 Lmor1cm-1 ,56 while bis(chlorin) (106) has a Soret band of 
approximately 0.6x10-5 Lmor1cm-I, a drop of one-quarter in the intensity of the Soret 
band is also seen. So although there is a difference in the intensity of the Soret bands 
of (106) and (3a), this difference is reasonable when the differences of the respective 
common starting materials are accounted for. 
The UV/visible spectrum of the chlorin-porphyrin heterodimer (110) is shown in 
Figure 2.12. From this spectrum it can be seen that it is very similar to that of the 
bis(porphyrin) (3a). The spectrum displays a split Soret band(~= 1600 cm-1) and is 
indicative of extensive interchromophoric communication. 
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Figure 2.12. The UV/visible spectrum of chlorin-porphyrin heterodimer (110) (recorded in CHCI3) 
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The UV/visible spectrum of the porphyrin-porphyrin heterodimer (115) was similar 
to that of other 1,3-butadiyne linked systems. Dimer (115) displayed a split Soret 
band (.c:l = 2800 cm-1) and a red-shifted and intensified Q-band indicating that there is 
strong interchromophoric communication. 
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Figure 2.13. The UV/visible spectrum of porphyrin-porphyrin heterodimer (115) (recorded in CHC13) 
2.4. CONCLUSIONS AND FUTURE WORK 
As explained throughout this chapter several areas have been investigated with both 
positive and negative results obtained. These results include :-
• Improvement of the original synthesis of the alkynyl porphyrin (66) by 
modifying the base and temperature used in the Wittig reaction to eliminate the 
formation of vinyl porphyrin (64) which contaminates the product and may cause 
problems in subsequent reactions. 
• The investigation of the Takai reaction on formyl porphyrins to prepare iodovinyl 
analogues. It was found that the Takai reaction proceeded smoothly for 
nickel(ll)formylporphyrins, however the Takai reaction did not work with other 
metallated formylporphyrins (i.e. H20EP-CHO, ZnOEP-CHO, and CuOEP-
CHO). 
• The investigation of a one-pot procedure for the synthesis of the 1,3-butadiyne 
dimer (3a) from iodovinyl (74). This procedure yielded (3a) in a better yield than 
previously reported20 with fewer manipulations and no contamination with vinyl 
porphyrin (64). 
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• The attempted preparation of novel bis(porphyrins) by low-valent metal catalysed 
coupling reactions (i.e. Ni(O), Pd(II)). 
• The preparation of the first alkyne-linked bis(chlorin) dimer (106). The 
UV/visible spectrum of (106) shows extensive interchromophoric interactions 
consistent with a delocalised n-system. 
• The synthesis of the first 1,3-butadiyne-linked porphyrin-chlorin and porphyrin-
porphyrin heterodimers. The UV/visible spectra of these dimers also displays 
split Soret bands and red-shifted Q-bands indicative of extensive 
interchromophoric interaction. 
Further investigation (molecular orbital, DFT calculations, molecular modelling etc.) 
of the previous dimers is required in order to fully understand the changes to the 
absorption spectrum induced by the incorporation of chlorin moieties. The 
electrochemical investigation of the above dimers should prove interesting, e.g. the 
cyclic voltametric behaviour of the dimers during oxidation and reduction cycles. 
The electrochemistry of heterodimers (110) and (115) should also be of interest since 
the component macrocycles in the dimers will have different oxidation and reduction 
potentials. The mixed-valence monoanions should exhibit unique charge transfer 
bands in their electronic spectra. 52 
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3.1. PHTHALOCYANINE STRUCTURE AND THE BASIC CHEMICAL 
AND PHYSICAL PROPERTIES 
3.1.1. Basic Structure and Chemical Properties 
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Porphyrinoid macrocycles play a vital role in biological compounds such as 
photosynthesis and respiration. I These complexes offer unique chemistry that has a 
great many possible industrial applications. Perhaps the most commercially-
important of this class of molecules are the phthalocyanines (Pc ), known 
systematically as tetrabenzo(b,g,l,q)-5,10,15,20-tetraazaporphyrins, as shown in 
Figure 3.1. 
Metal phthalocyanine complexes have traditionally found use as dyes and pigments 
and more recently, as the photoconducting agent in photocopiers.l03 This is because 
of their relatively easy synthesis, high thermal stability and the presence of intense n 
~ n* transitions in the visible region of the spectrum. There has been renewed 
interest for the use of phthalocyanines in a variety of high-technology fields)04 
These include use in semiconductor devices, photovoltaic and solar cells, 
electrophotography, rectifying devices, molecular electronics, Langmuir-Blodgett 
films, electrochromism in display devices, gas sensors, liquid crystals, non-linear 
optics, and electrocatalysts. In many of these applications, the exact wavelength of 
the major n ~ n* transitions in either visible or UV regions is of critical 
importance.I04 Since it is impossible to find a single phthalocyanine complex to 
absorb significantly for all wavelengths, there is considerable interest in the 
electronic spectroscopy of structurally modified phthalocyanine molecules that 
exhibit major absorption bands at a variety of wavelengths. 
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3.1.2. UV Nisible Spectra of Phthalocyanines 
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Figure 3.2 Comparison of typical free-base porphyrin and phthalocyanine UV /visible spectra 1 
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Like porphyrins, phthalocyanines absorb in the near-ultraviolet and visible region, 
but the intensities of the absorptions are very different. For phthalocyanines it is the 
visible absorption bands that are more intense than the near-ultraviolet bands, not the 
other way round, as for porphyrins. The reasons for this are perturbations to the 
phthalocyanine n-system caused by, (a) the nitrogen atoms in the meso-positions 
(they are more electronegative than carbon atoms) and, (b) the fused benzene rings 
on the pyrrole ~-positions, which have the effect of extending the n-system. 
As for porphyrins, the Gouterman four-orbital modeJ3 also adequately explains the 
observed UV /visible spectra of phthalocyanines. This model predicts that 
perturbations to the energies of the HOMOs (which have aru and a2u symmetry), 
caused by replacing the porphyrin meso-carbons with nitrogen atoms and fusing 
benzene rings onto the pyrrole ~-positions vastly increases the probability of 
forbidden transitions between these orbitals. The net effect of these changes is to 
increase the intensity of the visible bands at the expense of the near-UV band. 
The typical UV/visible spectrum of H2Pc is shown in Figure 3.2. It can be seen that 
there is strong absorption around 700 nm, termed the Q-band. Upon metallation the 
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split Q-band of H2Pc collapses to a single band at a similar wavelength. In addition 
there is a strong absorption band in the ultra-violet region between 320 and 370 nm, 
denoted the B-band (or Soret band). The Q-band is particularly sensitive to the to 
substitution and the environment of the Pc macrocycle. A typical value for the 
extinction coefficient of the intense Q-band is 2x105 Lmor1cm-1. The weaker 
absorption bands at about 600 nm are vibrational overtones of the Q-band.105 
3.2. BINUCLEAR PHTHALOCYANINES FOR ELECTROCATALYTIC 
APPLICATIONS 
The purpose of this section is to introduce some of the strategies that have been used 
to synthesise and study binuclear phthalocyanines for electrocatalytic purposes. As 
seen previously with the case of porphyrin and chlorin-containing systems there are 
many applications for which phthalocyanine-containing systems may be suitable. 
However this section will be limited to those phthalocyanine systems that have been 
pursued for electrocatalytic purposes. 
While the parent molecules have a number of useful properties, considerable effort 
has been made to synthesise novel structures with a view to engineering new 
molecular materials that show improved or novel characteristics. In this respect, 
many porphyrin and phthalocyanine dimers and oligomers and mixed porphyrin-
phthalocyanine dimers and multimers, especially those with rigid cofacial 
configurations, often show spectroscopic and electrochemical properties which differ 
significantly from those of the parent monomers. 
3.2.1. Phthalocyanine Dimers with Saturated Bridges 
A dicobalt cofacial porphyrin dimerl06,107 containing a four-atom covalent bridge 
has been prepared. The four-electron reduction of oxygen to water has been achieved 
but this dimer tended to lose its catalytic activity with time. Since the phthalocyanine 
nucleus is more stable than the porphyrin nucleus there has been interest in 
synthesising phthalocyanine analogues.I08-116 
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Leznoff et al. have synthesised the cofacial dimers (116a-c) by solution108,110 and 
polymer support methodsl14 in order to study their solution characteristics. 
RO~ OR N-~ ~M_:~ 
H3C{Q RO _ 0~R ~~N-~ 
H3C ~N _NN::": ~M-N~N Q~N~ OR 
(116a) M = Hz, R =CHzC(CH3)3 
(116b) M =CuR =CHzC(CH3)3 
(116c) M =CoR =CHzC(CH3)3 
It was found that these 'clamshell' species (116a-c) can be open with no interaction 
between the phthalocyanine units or closed with phthalocyanine-phthalocyanine 
interaction. EPR, visible spectroscopy and electrochemistry revealed that these 
dimers exist normally in the closed form in equilibrium with a small amount of the 
open form. The UV /visible spectra of the open form were similar to those of 
monomeric phthalocyanines and thus showed no interchromophoric interactions. The 
electronic spectra of the closed fmm revealed split Q-bands which were blue-shifted, 
typical of aggregation. The aggregation was shown to be intramolecular rather than 
intermolecular since it was almost unaffected by dilution.l08,110 
Marcuccio et al. have prepared dimers (117)-(119), as model electrocatalysts in order 
to study the effect of the bridge length on the electrocatalytic abilities of the 
molecule. 
(117) n = 1, R = CHzC(CH3)3 
(118) n = 2, R = CHzC(CH3)3 
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R~ OR 
_., N -- -N-N:;~N ~N~ Q OR (J( RO~ ~N -- _ OR ~N:::-M~N o~N2~ ~OR 
(119) R = CHzC(CH3)3 
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The visible spectra of (117)-(119) exhibited split n-n* bands near 700 nm and the 
smaller overtone bands around 640 nm showed enhanced intensities compared to 
model monomers. Thus, the electronic spectra of (117)-(119) indicated substantial 
interaction between the phthalocyanine nuclei.l09 
Liu and coworkers111,112 carried out experiments on the disproportionation, 
electrochemistry, and electronic coupling involved with binuclear cobalt(II) 
analogues of dimers (116)-(119). It was found that the addition of hydroxide ions 
causes disproportionation of the cobalt phthalocyanines when dissolved in non-
coordinating or weakly coordinating solvents. The disproportionation provided a 
simple mechanism to generate species with the potential for involvement in 
concerted multi-electron redox processes. 
3.2.2. Phthalocyanine Dimers Linked by Aromatic Bridges 
Even though the binuclear species described showed spectroscopic evidence for 
coupling between the halves of the molecule, the experimental redox data did not 
support this coupling to any extent. It was postulated that more strongly coupled 
dimers would be required before any worthwhile electrocatalytic behaviour was 
experienced.111, 112 
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(120a) M =Hz, R = CHzC(CH3)3 
(120b) M = Co(II), R = CHzC(CH3)3 
(120c) M = Cu(II), R = CHzC(CH3)3 
(120d) M = Zn(II), R = CHzC(CH3)3 
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Leznoff et az.115 reported the new cofacial binuclear phthalocyanines (120a-d) 
linked by a triatomic bridge on a rigid naphthalene framework. It was thought that 
these molecules could prove valuable in the photo- or electroactivation of small 
molecules, such as dioxygen, carbon or sulfur dioxide. 
Electrochemical and spectroelectrochemical results showed that the rigid geometry 
of the naphthalene bridge induced important changes in the cofacial dicobalt(II) 
derivative, (120b), compared with previously studied 'clamshell' binuclear cobalt 
phthalocyanines.IOS-110,117 The halves of the molecule of (120b) did not oxidise or 
reduce at the same potential, resulting in clear splitting of the redox couples. This 
was the first example of clearly observed splitting of the redox waves in a ring 
bridged binuclear metallophthalocyanine and indicated a high degree of coupling 
between the halves of the molecule. 
The electrocatalytic reduction of oxygen was examined at electrodes covered with 
adsorbed (120b). It was found that oxygen reduction occurred at -0.34 V (vs SCE), 
however only the limiting current corresponding to two-electron reduction of oxygen 
to hydrogen peroxide was observed.115 
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Lam and coworkers116 have extended the series of aromatic linked 
phthalocyanines115 by preparing the direct linked phthalocyanine dimer (121) and 
the 1,8-anthracene linked dimer (122). 
RO OR ~~N~~ ~N:::-M-N~N ,---o::::::,.-N--N~ 
OR 
(122) 
3.2.3. Rigid, Fused Phthalocyanine Dimers 
Leznoff et az.118,119 have prepared a range of planar binuclear phthalocyanines that 
are linked by a common benzene ring (123)-(125). 
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R R 
«
N ~~ -N~~ ~~ "-'N~ 
' "':::::: ' :::- "':::::: 
RO N-M-N -....: N-M-N OR 
' ~ ~ ' ~ ~ \ : \ : NiYN NVN 
v v 
OR OR 
(124) 
R R 
«
N ~~ N~~ ~~ --N~ : -....: "':::::: "':::::: : :::- "':::::: 
RO N-M-N N-M-N OR 
: ~ ~ ~ : ~ ~ 
\ ' \ ' NiYN NiYN 
v v 
OR OR 
(125) 
UV/visible-near-IR absorption and magnetic circular dichroism spectroscopies and 
cyclic and differential pulse voltammetry indicate that in (123)-(125), two relatively 
independent chromophore units interact. It was seen that by using the degree of 
splitting of the Q-band, the amount of interchromophoric interaction becomes larger 
as the size of the shared aromatic unit is reduced, i.e. (123) > (124) > (125). 
Surplisingly, it was found that the rings did not appear to lie completely flat, but had 
a bent boat-like conformation in solution. The near-IR spectrum showed a small peak 
at around 845 nm which was assigned as a result of the non-planarity of the 
molecule. However when compounds (123)-(125) were electrochemically oxidised, 
this peak disappeared indicating that the oxidised species are more planar than the 
neutral molecule and hence there is more interchromophoric interaction.ll9 The 
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monolayer and Langmuir-Blodgett film properties of these compounds have also 
investigated.113,119 
3.2.4. Phthalocyanine Dimers with Alkene or Alkyne Bridging Groups 
Vigh et az.120 have prepared a binuclear phthalocyanine that is both conjugated and 
cofacial, the cis-ethene linked (126). Also prepared were the trans-ethene linked 
(127) and the ethyne linked (128). 
RO~- OR ~N-_NN::-: :::MN~N 
..,__N--N~ 
OR 
RO OR ~-N~~ ~N:::M_-N~N 
..,__N--N~ 
OR 
(126) 
(127) 
(128) 
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The trans metal-free species of (127) was shown to have an electronic spectrum 
typical of a largely uncoupled mononuclear metal-free phthalocyanine while the cis 
isomer (126) has a blue-shifted Q-band spectrum consistent with extensive 
intramolecular coupling. Similar extensive intramolecular coupling was observed in 
cis dimetallated species of (126), which exhibited typical broad, blue-shifted Q-band 
absorption. Electrochemical experiments of the cobalt derivative of (128), showed 
that there was no interaction between the individual macrocycles. No splitting in the 
cyclic voltammograms was seen and the first oxidation was assigned to the 
simultaneous oxidation of both rings to the bis-CorrPc( -1) radical phthalocyanine 
species. With dimers (126) & (128) only the two electron reduction of molecular 
oxygen to hydrogen peroxide was observed.120 
(129) 
tBu 
NSN 
:-. I ~,» N--- M--- N I tBu 
~Q~ ~ 0 ~ y 
~ /; 
tBu 
Maya et az.121,122 have prepared butadiynyl-linked phthalocyanine dimer (129) in 
order to study the interchromophoric interaction as for the analogous butadiyne 
linked porphyrin dimers.5 
tBu 
NSN 
« 1»-==-/,H tB N--- M--- N I I .o ~-eN ~ ~ ~ 
~ /; 
tBu 
(130) 
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It was shown that the UV/visible spectra of free-base and metallated derivatives of 
(129) were remarkably different to the alkyne substituted monomer (130). The dimer 
exhibited a split, broadened, red-shifted Q-band consistent with extended n-
conjugation. 
3.3. THE STRUCTURE OF TETRABENZOTRIAZAPORPHYRINS AND 
THE BASIC CHEMICAL AND PHYSICAL PROPERTIES 
Unsymmetrical porphyrins, bearing substituents in the pyrrolic or meso positions, 
have been used in a wide variety of applications, such as the four electron reduction 
of oxygen106,107 and in photodynamic therapy of cancer.68 In some of these 
applications, the porphyrin nuclei were found to be unstable as catalysts or absorbed 
at too low wavelengths for efficient use. Unsymmetrical tetrabenzoporphyrins and 
phthalocyanines may alleviate these problems but are difficult to prepare and 
phthalocyanines cannot be substituted in the meso position due to the presence of the 
imino nitrogens. 
The structure of tetrabenzo-5,10,15-triazaporphyrin (TBTAP) differs from that of 
phthalocyanine by having a methine instead of a nitrogen at one meso position, as 
seen in Figure 3.3. 
This single mesa-carbon provides an additional site for the attachment of substituent 
groups. However, the few studies on the TBTAP ring system, reported mostly in the 
older literature, 123,124 had not provided evidence for this type of substitution. 
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Scheme 3.1 Mechanism for the formation of a TBT AP 
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As shown in Scheme 3.1, Barrett et az)24 showed that if a stoichiometric amount of 
methylmagnesium iodide was added to phthalonitrile in ether and the crude product 
of this initial reaction heated in a higher boiling solvent, a good yield of the 
magnesium derivative of TBTAP could be obtained. It was proposed that the 
iminoisoindoline derivative formed during the initial addition of the Grignard reagent 
to the phthalonitrile, underwent subsequent addition to unreacted phthalonitrile to 
produce a tetrameric species. During the higher temperature step this species 
underwent a cyclisation reaction to form a TBTAP. The possibility of introducing 
substituents attached to the meso-carbon was explored, in the same paper, using the 
analogous reaction between n-butyllithium and phthalonitrile. The UV-Visible 
spectrum of the compound resulting from this reaction implied that a mixture of a 
TBTAP and magnesium phthalocyanine was produced, however, a pure TBTAP 
could not be isolated. 
Leznoff et az.125 examined the possibility of preparing TBTAP derivatives with alkyl 
(131) and aryl (132) substituents attached to the meso-carbon as a route to 
monosubstituted phthalocyanine-type compounds. In addition, the synthesis of 
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TBTAP's with sterically bulky groups located at the peripheral benzo positions was 
also studied in the hope that it would have properties analogous to those of 
tetraneopentoxyphthalocyanine, which produced derivatives that were readily soluble 
in organic solvents. It was proposed that the TBTAPs would incorporate the 
flexibility of the substitution of porphyrins with the stability and spectroscopic 
properties of phthalocyanines. 
(131) R = CHzC(CH3)3, R' = (CHz)14CH3 
(132) R = CH2C(CH3)3, R' = phenyl 
Naphthalocyanines are similar in structure to phthalocyanines, but having naphtha 
substituents at each of the pyrrole rings and absorbing light at higher wavelengths. 
The latter property makes them possible candidates for use in photodynamic therapy. 
For this reason Leznoffl25 prepared a meso-substituted tetranaphthotriazaporphyrin 
derivative (133). 
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The electronic structure of modified phthalocyanine complexes has received 
considerably less attention than that of the more highly symmetric metallo-
phthalocyanine complexes.l04,126-129 The spectral changes that result from the 
introduction of carbons to replace aza nitrogens have been known since the 1940s.l24 
The optical spectra of tetrabenzotriazaporphyrins (TBTAP) and 
tetranaphthotriazaporphyrins (TNTAP) are similar to those of analogous 
phthalocyanine complexes.104 The spectral bands can thus be assigned on the basis 
of the band assignments that have been developed for the phthalocyanines. The main 
impact of partial aza substitution at the bridging positions is to alter the degree of 
separation between the first and second HOMO's of the n-system.104 
Tse and co-workers126 studied the spectral and electrochemical properties ofTBTAP 
and its magnesium derivatives which had long alkyl chains attached to the meso-
carbon. Both metal-free and metallated species showed typical metal-free 
phthalocyanine-like spectra. 
When substituted phthalonitriles were used for the synthesis of TBT APs and 
TNTAPs a mixture of inseparable regioisomers were obtained. However, TBTAPs 
derived from unsubstituted phthalonitrile and long chain alkylmagnesium halide gave 
only one isomer, which was unusually soluble in organic solvents.126 
Although the overall features in the electrochemical behaviour of the TBTAP species 
paralleled those of phthalocyanines very closely, the first and second reductions for 
H2TBTAP are about 300 mV negative of those for regular metal-free 
phthalocyanines.126 This is due to the replacement of one electron-withdrawing 
bridgehead nitrogen link with the less electron-withdrawing methine link. Porphyrins 
are more difficult to reduce than the corresponding phthalocyanine and these TBTAP 
species lie in between the porphyrins and phthalocyanines.126 
Simple metallophthalocyanines species have D4h symmetry, while demetallation 
leads to the phthalocyanine species of D2h symmetry. However, in contrast, in the 
TBTAP species, the metallated species have two-fold symmetry at best, while the 
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free base species cannot exceed Cs, 126 thus all orbital degeneracies are lifted for both 
metallated and free base species. 
3.4. PROJECT PROPOSAL AND TARGET MOLECULE 
The time is now ripe to combine the novel properties conferred on porphylins (see 
chapter 1) by dimelisation via a conjugated alkyne blidge, with the unique optical 
properties of the phthalocyanines. However, pelipheral alkyne-substitution, and 
indeed alkyne mediated dimelisation at the benzo positions on phthalocyanine 
species (see Figure 3.1.) are not enough to modify the spectra in a fashion analogous 
to that found for meso-substituted porphylins.l20-122 The orbital coefficients on the 
benzo-carbons are small, and so conjugative communication through these positions 
is less than optimal. The meso-positions are the vital ones, but these are closed in a 
phthalocyanine because of the N-atoms. The desirable building block is a 
tetrabenzotliazaporphylin (see Figure 3.3.), which has one position available for 
covalent attachment of an alkyne linker. Thus the target compound of this project is 
the homodimer shown in Figure 3.4. 
R~ R R ;9R ::;.-.N N-...::: 
"- /N N"- / ;yM, A N/MJ:b IN \ ~ ~N ~ ~ N :_ ~ 
R R R R 
Figure 3.4. The desired target alkyne-linked bis(TB TAP) 
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PARTB 
CHAPTER4 
INVESTIGATIONS TOWARDS THE SYNTHESIS 
OF A BIS(TETRABENZOTRIAZAPORPHYRIN) 
Part B, Results I Discussion 
4.1. ATTEMPTED PREPARATION OF A BIS(TBTAP) FROM AN 
UNSUBSTITUTED TBTAP 
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This chapter will outline the strategies and methods attempted in order to synthesise 
the 1,3-butadiyne linked bis(tetrabenzotriazaporphyrin) (134). 
R R R R ~N~ ~ /, N;SJ 
N N'\.. /N_ 
'\. ,"' --JiM' A M N /:co N N N N..-:: \ ..-:: ~ N \ 
--
:::::-._ 
R R R R 
(134) 
The first strategy attempted for the synthesis of (134) is outlined in Scheme 4.1. 
Scheme 4.1 A strategy for the synthesis of (134) 
MTBTAP 
(135) 
(i) 
MTBTAP-Br 
(136) 
(134) 
(ii) 
(iv) 
MTBTAP---SiMe3 
(137) 
l(iii) 
MTBTAP---H 
(138) 
(i) N-bromosuccinimide/DCM, (ii) [Pd(II)Cl2(PPh3h], Cu(l)l, HC2SiMe3/Et3N, (iii) TBAF/DCM, (iv) 
Cu(II)(OAch/pyridine. 
This strategy involves the synthesis of the unsubstituted TBTAP (135) which might 
be brominated to give meso-bromo (136). Palladium catalysed coupling21,25,79,99 of 
(136) with a protected terminal acetylene should yield (137) which can easily be 
deprotected by treatment with tetrabutylammonium fluoride79 to give (138). The 
terminal acetylene (138) could be homocoupled under Eglinton coupling 
conditions20,79 to yield the desired (134). 
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The synthesis of the unsubstituted macrocycle (135) was the key step to enable 
simple entry into Scheme 4.1. 
The method of Leznoff and Mckeown 125 was used to prepare the unsubstituted 
TBTAP (139) (refer to Scheme 3.1.). To a stirred solution of 4-
neopentoxyphthalonitrile m dry ether an aliquot of methylmagnesium iodide 
Grignard reagent was added. The resultant reaction mixture was stirred under very 
dry conditions for two hours. The ether was removed and the residual brown solid 
dissolved in quinoline. The temperature was raised to 200 °C and the reaction stirred 
for 24 hours during which the reaction mixture changed to a very dark green. The 
pigment was isolated by column chromatography in a crude yield of 22%. 
RO;:(;!?R 
a::Xb 
R R 
(139) R = OCHzC(CH3)3, X = CH 
(140) R = OCHzC(CH3)3, X= N 
By inspection of the Q-band region (600 -700 nm), the UV/visible spectrum of the 
crude pigment showed that crude (139) was contaminated by a phthalocyanine, 
namely tetraneopentoxyphthalocyaninato-magnesium(ll) (140). Magnesium TBTAPs 
exhibit a distinctly split Q-band, unlike magnesium phthalocyanine (140) (D41z 
symmetry), due to the lower symmetry (C2v) of the TBTAP molecule (as seen in 
Figure 4.1).125 
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Figure 4.1. Comparison of the Q-band region of MgTBT AP (bold) and MgPc (normal) 
Further attempted purification failed to separate (139) and (140), however it was 
anticipated that after substitution of the TBTAP macrocycle i.e. to form (136), the 
properties of the macrocycle would be sufficiently different to allow for further 
purification. The infra-red spectrum of (139) showed the absence of any nitrile 
stretching frequencies, indicating the absence of impurities typically observed in 
crude samples from TBTAP- or phthalocyanine-forming reactions. 
Other research groupsl04,119,125,128,129 have achieved samples of analytically pure 
TBTAPs by synthesising the macrocycle with long alkyl chains (up to C15) or phenyl 
groups attached to the meso-position, similar to structures (131) and (132), 
respectively. However, long alkyl chains and phenyl groups are undesirable in our 
strategy, so minor phthalocyanine contaminants were accepted. 
The four neopentoxy groups on the benzo-positions of the macrocycle are present to 
help increase the solubility of the macrocycles in common organic solvents. 
However, it should be noted that depending on which of the two available ~-benzo­
positions the neopentoxy group is attached, the synthesised product is a mixture of 
ten regioisomers. The presence of these regioisomers does indeed, confer greater 
solubility by hindering the packing of the molecules in the solid state, but they also 
make NMR spectroscopy techniques less usefuP04,105,108-111,115,118,121,122,125,130-
132. Generally, the NMR signals from these types of compounds are broad, shapeless 
peaks that are less informative than normal and can hinder interpretation. Tse and co-
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workersl26 have prepared benzo-unsubstituted TBTAP analogues, e.g. (141) that are 
substituted in the meso-position by long-chain alkyl groups (CnH3s). 
(141) M = Mg or Hz, X= C-CnH3s 
(142) M = Mg, X = N 
These long alkyl chains increase the solubility of these compounds substantially and 
allow for chromatographic separation of the desired TBT AP from the 
magnesium(II)phthalocyanine (142). However, in more concentrated solutions the 
macrocycles are prone to aggregation. This aggregation, also prevalent in similar 
phthalocyanine species, is a result of their planar nature exaggerated by the extra 
benzene rings when compared to porphyrins.I05,125,126 The presence of these 
aggregates also hinder NMR examination of such compounds, thus making NMR a 
problematic spectroscopic tool. 
With the unsubstituted TBTAP (139) in hand, the next step, the substitution of the 
meso-position was investigated. The bromination of porphyrins is relatively facile 
with reasonable yields achieved under mild conditions.99,100 However one of the 
problems encountered during the bromination of porphyrins is multiple bromination 
due to the presence of multiple meso- or 13-positions. However, since TBTAPs have 
only one meso-position available for substitution this was anticipated to not be a 
problem. 
The bromination of unsubstituted (139) was initially attempted using similar 
conditions as for the bromination of porphyrins.99,IOO When N-bromosuccinimde 
was added to a stirred solution of (139) in DCM a colour change to olive green was 
immediately observed. TLC of the reaction mixture showed the complete 
disappearance of the starting material and the presence of a very polar, non-mobile 
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spot. Prolonged stirring and gentle heating failed to produce a mobile spot. The 
reaction was stopped and the product isolated, during which it reverted back to the 
starting material, identified by TLC and UV/visible and mass spectroscopies. 
It was thought that perhaps the TBTAP had been oxidised somehow by bromine 
present in the reaction, however it was unclear if this oxidation was macrocycle- or 
metal-based. With this in mind it was anticipated that the bromination reaction might 
proceed more smoothly on the free-base macrocycle. 
The magnesium-centred TBTAP (139) was dissolved in neat trifluoroacetic acid 
(TFA) (Scheme 4.2.) and the reaction monitored by TLC. The appearance of a 
slightly faster-moving spot was immediately noticed and the reaction was considered 
complete by the disappearance of the starting material after approximately one hour. 
After the isolation of the product, it was found that the demetallation had been 
successful with a yield of 90%. UV/visible and mass spectroscopies proved the 
demetallation to be complete with none of the metallated species detectable. 
However, they both still confirmed the presence a free-base phthalocyanine impurity. 
The use of more dilute acids i.e. aqueous HCl and TF A/DCM gave incomplete 
demetallation. 
Scheme 4.2. Preparation of free-base TBT AP (143) 
MgNpTBTAP 
(139) 
TFA H2NpTBTAP 
(143) 
The bromination was repeated on free-base (143) with N-bromosuccinimide in DCM 
with a very similar result to above and the recovery of the starting material. It was 
now obvious that the TBT AP macrocycle is more difficult to brominate than 
analogous porphyrins, so it was decided to use slightly more forcing conditions. 
Therefore the bromination was attempted using elemental bromine in DCM. 
Disappointingly a similar result to that seen previously was also observed with the 
starting material being oxidised somehow then reverting back to the starting material 
during the subsequent working-up of the product. 
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Once again it was decided to use harsher conditions in order to try and force the 
bromination. Free-base (143) was dissolved in glacial acetic acid and an excess of 
bromine added. The reaction was heated to reflux and monitored by TLC. Initially, 
the reaction changed colour to an olive green colour as seen previously however, 
with the more forcing conditions the reaction mixture slowly changed back to a dark 
green colour after approximately two hours. TLC also showed the presence of a new 
slightly slower-eluting green spot. 
After the isolation of the crude pigment a MALDI-TOF mass spectrum showed the 
presence of up to four bromine atoms on the macrocycle. This suggested that 
polybromination on the benzene rings had also occurred and not the desired meso-
bromination. Bromination of the benzene rings in TBTAP (143) was not entirely 
unexpected due to the activating nature of the adjacent alkoxy groups, which would 
make this type of bromination more favourable. Further TLC experiments were 
unable to achieve any resolution between any of brominated species. 
The presence of the three meso-nitrogen atoms in the TBTAP macrocycle must 
withdraw electrons away from the meso-CH group leaving it electron-poor and thus 
very non-reactive towards electrophilic substitution. With this in mind it was thought 
that one could form an anion in this position, e.g. by treatment with a strong base. 
Thus, it was decided to investigate the nucleophilic substitution of the macrocycle, as 
shown in Scheme 4.3. 
Scheme 4.3. The metallation/halogenation of (143) 
H2NpTBTAP 
(143) 
1. BuLi 
2. 12 
H2NpTBTAP-I 
(144) 
To a stirred solution of free-base (143) dissolved in dry THF, one equivalent of BuLi 
was added and the reaction mixture stirred at room temperature for 5 minutes. To this 
solution, one equivalent of iodine was added and the reaction was monitored by 
TLC. After two hours at room temperature, no changes by TLC had been observed 
so the reaction was stopped and the starting material suitably recovered. 
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4.2. ATTEMPTED PREPARATION OF A BIS(TBTAP) FROM A ACETAL-
SUBSTITUTED TBTAP 
Due to the unsuccessful attempts at the substitution of the TBTAP macrocycle, it was 
decided that another strategy was needed in order to prepare the alkyne-linked 
bis(tetrabenzotriazaporphyrin) (134). The next strategy attempted was to synthesise 
the TBTAP macrocycle with some kind of handle in the meso-position that would 
allow for further functionalisation of this position. An example of this strategy is 
shown in Scheme 4.4. 
Scheme 4.4. A strategy for the synthesis of (134) involving the synthesis of acetal (145) 
MTBTAP-CH(OEt)2 
(145) 
MTBTAP-C CH 
(148) 
l (iv) 
(134) 
(i) 
... 
... (iii) 
MTBTAP-CHO 
(146) 
l (ii) 
MTBTAP-CH=CHX 
(147) 
(i) H+/DCM, (ii) CrCh, CHI3/THF or BrCH2PPh3Br, tBuOK/THF, (iii) tBuOK/THF (iv) 
Cu(II)( OAc h/pyridine. 
The strategy outlined in Scheme 4.4. involves the synthesis of the TBTAP 
macrocycle (145) with a protected aldehyde group in the meso-position. Acetal (145) 
can be deprotected by mild acidic conditions to yield the meso-formyl TBTAP (146). 
With (146) in hand it could be converted to the haloalkene (147) by either a Wittig or 
Takai reaction to yield the bromoalkene or iodoalkene, respectively, as discussed in 
section 2.1. The haloalkene (147) should undergo dehydrohalogenation smoothly 
upon treatment with base to yield the alkyne (148). Terminal alkyne (148) can be 
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homocoupled under Eglinton coupling conditions to yield the desired bis(TBTAP) 
(134). 
To a suspension of magnesium in very dry THF, 1-bromo-2,2-diethoxyethane was 
added dropwise to allow for the formation of the respective Grignard reagent. An 
aliquot of this Grignard reagent was added dropwise to a stirred solution of 
phthalonitrile in dry THF. The reaction was maintained under an inert atmosphere for 
five hours during which a red/brown colour developed, the solvent was removed 
replaced with quinoline, and the temperature was increased to 200 °C for 24 hours. 
After isolation of the crude product by column chromatography a UV /visible 
spectrum showed that both a phthalocyanine and a TBTAP were present. A mass 
spectrum of the product did not however, display the desired TBTAP (145) parent 
ion or that of any other likely candidate molecules. The parent ion of the related 
phthalocyanine was present along with another peak at a higher mass, however, this 
peak could not be reasonably explained. 
4.3. ATTEMPTED PREPARATION OF A BIS(TBTAP) FROM A VINYL-
SUBSTITUTED TBTAP 
With the disappointing results from the synthesis of acetal (145), it was thought that 
the vinyl TBTAP (149) maybe directly synthesised in the TBTAP forming reaction. 
(149) 
With the meso-vinyl TBTAP (149) in hand a procedure similar to that of Arnold et 
az.l9 which was used for octaethylporphyrins could be carried out in order to 
synthesise alkyne-linked bis(TBTAP) (134) as shown in Scheme 4.5. 
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Scheme 4.5. Preparation of bis(TBT AP) (134) from alkene (149) 
MTBTAP-CH=CH2 
(149) 
(134) 
(i) 
(iii) 
MTBTAP-CH=CHBr 
(150) 
1 (ii) 
MTBTAP-C CH 
(148) 
(i) pyridinium hydrobromide perbromide, (ii) 1Bu0K/THF, (iii) Cu(II)(OAc):zfpyridine 
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The vinyl group of (149) could be brominated with pyridinium hydrobromide 
perbromide to yield the bromovinyl TBTAP (150), which could be easily 
dehydrobrominated by potassium tert-butoxide. As in previous strategies the 
terminal alkyne (148) can be homocoupled under Eglinton coupling conditions. 
In previous TBT AP preparations, substituted phthalonitriles have been utilised in 
order to impart greater solubility on the prepared macrocycles. However, due to the 
similarities in properties of the desired TBT AP and the undesired analogous 
phthalocyanine, pure samples of the TBTAP have not been available. With the 
preparation of (149) a new strategy was investigated, being the synthesis of the 
TBTAP without any benzo-substituents. Without the benzo-substituents in place, it 
was hoped that the solubility conferred by the meso-substituent would allow for the 
preferential extraction of the desired TBT AP from the undesired very insoluble 
phthalocyanine contaminant. 
The synthesis of vinyl (149) was carried out via usual the TBTAP forming reaction. 
Thus allylmagnesium bromide was added to suspension of phthalonit1ile in ether at 
room temperature. The product of this reaction was subjected to high temperatures 
for 24 hours and the product from this step isolated by column chromatography. The 
product from this reaction did indeed seem to be more soluble than magnesium(II) 
phthalocyaninel05,124 and meso-unsubstituted magnesium(II) TBTAP133 that had 
been previously prepared by the respective literature methods. Attempts at obtaining 
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a pure sample of (149) by preferential dissolution of the TBTAP (149) over 
phthalocyanine (142) were unsuccessful with a phthalocyanine contaminant always 
present, as proven by UV/visible and mass spectroscopies. This contamination can be 
explained by the formation of mixed TBTAP-phthalocyanine aggregates due to the 
similarities of their basic structures. When these aggregates are dissolved the 
phthalocyanine as well as the desired TBT AP is released into solution causing the 
inevitable cross-contamination. 
The desired product (149) was isolated in less than 10% yield, and contaminated 
with Pc (142). A mass spectrum of (149) displayed the desired parent ion with no 
higher mass species detectable. The major peak in the spectrum corresponded to 
MgPc (142) (M+-1) which also corresponds to the molecular ion of (149) after it has 
lost the vinyl group. The combination of these two species may give a false 
representation of the true amount of Pc contamination. The UV /visible spectrum 
displayed the expected split Q-band of the TBTAP species. Interestingly it was seen 
that Q-bands are red-shifted slightly, by approximately 10 nm when compared to 
other unsubstitutedl33 or alkyl substituted TBTAPs.l26 This red-shift may be a 
consequence of the mesa-vinyl group which is conjugated with the macrocycle and 
may partially extend the aromatic n-system. 
The very low yield of vinyl (149) was disappointing and not synthetically acceptable 
if it is to be the starting point for a synthetic scheme for the preparation of (134). 
This is especially true if (149) has to be demetallated and metallated with metals 
other than Mg(Il). 
4.4. ATTEMPTED PREPARATION OF A BIS(TBTAP) FROM AN ETHYL-
SUBSTITUTED TBTAP 
The next strategy for the synthesis of the 1,3-butadiyne-linked bis(TBTAP) involved 
the synthesis of the meso-ethyl TBTAP (151). 
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Scheme 4.6. The attempted preparation of bis(TBT AP) (134) from meso-ethyl (151) 
MfBTAP-C~C~ 
(151) 
(134) 
(i) (ii) 
MfBTAP-CHBrC~ ----
(152) 
(v) MfBTAP-C CH (iv) 
(148) 
MfBTAP-CH=C~ 
(149) ! (iii) 
MfBTAP-CH=CHBr 
(150) 
(i) N-bromosuccinimide/CHCI3, (ii) 1Bu0K/THF, (iii) pyridinium hydrobromide perbromide (iv) 
1BuOK/THF, (v) Cu(II)(OAch/pyridine. 
With meso-ethyl (151) in hand, it was hoped that the pseudo-benzylic carbon could 
be brominated as shown in Scheme 4.6. Dehydrobromination of (152) by a base 
promoted elimination should give the vinyl species (149). As shown previously in 
Scheme 4.5, alkene (149) could be brominated by pyridinium hydrobromide 
perbromide (150). A second dehydrobromination will allow for a fairly simple entry 
into alkyne (148), which may then be homocoupled to yield the desired homodimer 
(134). 
As with similar preparations, magnesium metallated (151) was prepared from 
phthalonitrile and the appropriate Grignard reagent, namely n-propylmagnesium 
bromide. After stirring at 200 °C for 24 hours in quinoline the crude product was 
isolated by column chromatography. Once again considerable effort was devoted to 
obtaining a pure sample of the desired TBTAP (151), however the persistent 
phthalocyanine contamination was unable to be removed. Crude (151) was obtained 
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in a yield of 32%. An infra-red spectrum showed the absence of any nitrile stretching 
frequencies, indicating the absence of impurities typically observed in crude samples 
from TBTAP( or phthalocyanine )-forming reactions. 
A mass spectrum of (151) supported the assigned structure displaying the parent ion 
as the major peak. Also seen in the mass spectrum, was a molecular cluster around 
the parent ion of phthalocyanine (142) which may also corr-espond to (151) after the 
loss of the ethyl group. 
The bromination of (151) was attempted as shown in Scheme 4.7. 
Scheme 4.7. Attempted benzylic-bromination of (151) 
NBS MgTBTAP-C2H5 MgTBT AP-CHBrCH3 CHC13 
(151) (152) 
The benzylic-bromination of (151) was attempted using N-bromosuccinimide as the 
brominating agent. Suprisingly, after the addition of NBS the reaction mixture 
immediately became light green in colour and over the next fifteen minutes slowly 
changed to a very light, yellow coloured solution. TLC analysis showed several light 
brown and yellow spots, however, no TBT AP or phthalocyanine like compounds 
were detected. A UV /visible spectrum of the reaction mixture showed no 
characteristic porphyrin or phthalocyanine-like absorbances over the range of 800 -
300 nm. Amazingly, the pigment had been 'bleached' along with the decomposition 
of the macrocycle. This reaction was repeated several times, utilising different 
batches of starting materials, however the same results were experienced each time 
with the eventual 'bleaching' of the macrocycle. 
From the disappointing results of the above bromination, it was decided to repeat the 
bromination on the free-base TBTAP (153). Metallated (151) was demetallated in 
neat trifluoroacetic acid over a period of 24 hours. The demetallation was 
substantially slower than that of the benzo-substituted (139), presumably due to the 
lower solubility of (151) compared to (139). Similar demetallations by Leznoff's 
group125 and those of Renzoni et az.I33 have also shown similar relationships 
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between benzo-substituted and non-substituted TBTAPs. A mass spectrum of (153) 
showed that the demetallation had been successful with none of the metallated 
species detectable. 
The benzylic-bromination was repeated on free-base (153), using the same method as 
shown in Scheme 4.7. Disappointingly, very similar results were experienced with 
the 'bleaching' of the pigment. 
The behaviour of the pigments in these reactions (and indeed that of (139) and (143) 
in similar reactions) is very surprising. The very mild conditions, in which the 
concentration of free Br2 is usually assumed to be very low, would not normally be 
expected to result in degradation of an electron-poor aromatic macrocycle. In view of 
the unrewarding results obtained with these TBTAP pigments, no further work was 
attempted, and the synthesis of the target butadiyne (134) by any of the results 
described in this chapter seems to be an unlikely achievement. 
4.5. CONCLUSIONS AND FUTURE WORK 
As explained throughout this chapter several areas have been investigated with both 
positive and negative results obtained. These results include: -
• The synthesis of the meso-unsubstituted TBTAP (139), its subsequent 
demetallation and attempted electrophilic and nucleophilic halogenations. 
• The synthesis of a vinyl-substituted TBTAP (149). 
• The preparation of a meso-ethyl substituted TBTAP (151), its subsequent 
demetallation and attempted pseudo-benzylic bromination. 
As stated previously it is unlikely that the desired alkyne-linked dimer (134) will be 
prepared by any of the strategies discussed in this chapter. However, it is evident that 
this area needs further attention as dimer (134) should extend trends set by analogous 
porphyrin dimers5 and incorporate the interesting electronic and optical properties of 
phthalocyanines. From the disappointing results in trying to substitute the meso-
position of the TBTAP, the strategy of forming the TBTAP macrocycle with a 
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suitable handle in the meso-position seems to be the most promising avenue. A 
suitable handle should be large enough in order to afford effective separation from 
the undesired phthalocyanine contaminant, yet still allow for a relatively simple 
preparation of the desired dimer. One such strategy may involve the preparation of a 
TBTAP macrocycle substituted in the meso-position by a protected-alkynyl group, 
e.g. (154). 
(154) 
The protected-alkyne (154) should be able to be deprotected fairly easily by 
treatment with TBAF and then homocoupled under Eglinton coupling conditions. 
The preparation of the respective Grignard, however may prove challenging. Due to 
time constraints the above strategy has not been attempted but may prove fruitful and 
requires further investigation. 
Experimental 
CHAPTERS 
EXPERIMENTAL FOR 
PART AANDPARTB 
105 
Experimental 106 
5.1. GENERAL 
All synthetic work was conducted at the Queensland University of Technology. All 
solvents and chemicals were AR grade unless stated otherwise. 
The following solvents/reagents were distilled immediately before use (under Ar): 
dichloroethane from K2C03, pyridine from KOH, THF from 
potassiumlbenzophenone, POCb. 
Analytical TLC was performed using silicagel 60 F254 TLC plates from Merck. 
Column chromatography was performed using silicagel solid support (230-400 
mesh) from Merck. 
NMR spectra were recorded in CDCh or C6D6 solutions on a Varian Unity 300 MHz 
instrument using the residual protio solvent signal as an intemal reference. 
UV /visible spectra were recorded on a Varian Cary 3 UV /visible spectrometer. F AB 
mass spectra were recorded on a Kratos Concept with samples dissolved in DCM and 
dispersed in 3-nitrobenzyl alcohol and MALDI-TOF mass spectra were recorded on 
a Micromass TofSpec 2E (Manchester, U.K) using dithranol as a matrix. 
Microanalyses were performed by the Microanalytical service, Department of 
Chemistry, University of Queensland. The X-ray crystal structure data was provided 
by Dr K. i-.Sugiura, Osaka University, Japan. 
5.2. EXPERIMENTAL PROCEDURES FOR PART A 
Experimental procedures are headed by the desired target molecule whether or not 
the reaction was successful. 
5-Formyl-2, 3, 7, 8, 12, 13, 17, 18-octaethylporphyrinatonickel( II) ( 63) 
I NiOEP-CHO.I 
POCh (9.8 mL, 0.10 mol) was added dropwise to DMF (8.5 mL, 0.10 mol) which 
was cooled in an ice-water bath. The mixture was brought to room temperature and 
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stirred for a further 30 min, then heated to 50 °C. NiOEP (800 mg, 1.35 mmole) 
dissolved in dichloroethane (600 mL) and added via a dropping funnel over 30 min. 
The mixture was stirred at 50 °C for 1 h. Saturated NaOAc (500 mL) was added and 
the mixture was stirred at room temperature for 12 h. The organic layer was removed 
and washed thoroughly with water, dried over Na2S04, filtered and the solvent was 
removed in vacuo. The crude product was chromatographed on silicagel (230-400 
mesh, 50% CHCb/hexane). Fractions containing (63) were combined and 
recrystallised from CHCb/methanol to yield purple needles (627 mg, 75% ). Spectral 
data eH NMR, UV/visible) were as described previously.l9 
5-trans-(2 /-Bromoethenyl)-2,3, 7,8, 12, 13,17,18-octaethylporphyrinatonickel(Il) (65) 
I NiOEP-CH=CHBr.l 
To a stirred suspension of bromomethyltriphenylphosphonium bromide (200 mg, 
0.46 mmol) in dry THF (4.0 mL) at -78 °C, tBuOK (170 j..tL of 1.5 Min THF, 0.46 
mmol) was added dropwise under argon. An aliquot (1.0 mL) of the resultant 
solution was added to a stirred solution of (63) (20 mg, 0.032 mmol) in dry THF (3 
mL) under argon. The reaction was monitored by TLC (25% CHCb/hexane) and 
after 2 h the reaction was stopped by the addition of water. The product was 
extracted into CHCb and the organic phase separated, washed thoroughly with water, 
dried over Na2S04, filtered and the solvent removed in vacuo. The crude product was 
subjected to column chromatography on silicagel (230-400 mesh, 25% 
CHCb/hexane) and the major red band collected and recrystallised from 
CHCb/methanol to yield red needles (11.8 mg, 53%). From 1H NMR analysis the 
major product was (65) with no detectable (64) contamination. Spectral data eH 
NMR, UV/visible) were as previously reported.l9 
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5-trans-(2 /-Iodoethenyl)-2,3, 7,8, 12,13,17, 18-octaethylporphyrinatonickel(Il) (74) 
I NiOEP-CH=CHI.I 
CrClz (500 mg, 4.06 mmole) was added to a dry 50 mL round bottom flask and 
gently flame dried under high vacuum. Upon cooling, the vacuum was released 
under argon and the flask was charged with THF (5 mL). The slurry was stirred for 
15 min to prevent aggregation of the CrClz. To another flask containing aldehyde 
(63) (100 mg, 0.161 mmole), THF (10mL) was added, followed by CHI3 (400 mg, 
1.02 mmole). The resulting mixture was then added dropwise by syringe to the CrClz 
slurry. The reaction was stirred for 3 h at room temperature, during which the 
reaction mixture turned from dark green to dark red. CHCh was added and the 
organic layer removed, repeatedly washed with water, dried over NazS04 and the 
solvent removed in vacuo. The residue was dissolved in ether, and treated with 
TBAF (2 mL, 1 M in THF) with stirring to remove excess CHI3. This solution was 
stirred for 10 min and filtered through a plug of silicagel (230-400 mesh) using ether. 
The solvent was removed in vacuo. The crude product was chromatographed on 
silicagel (230-400 mesh, 50% CHCh/hexane ), the fastest moving band was collected 
and fractions containing (74) were recrystallised from CHCh/methanol to yield red 
needles (90 mg, 75%). 
1H NMR: (CDCh) 8 1.61-1.79 (overlapping t, 24H, CH3), 3.70-3.90 (overlapping q, 
16H, CH2), 5.52 (d, J = 14.4 Hz, 1H, CH=Cffi), 9.45 (s, 1H, 15-mesoH), 9.46 (s, 2H, 
10,20-mesoH), 9.71 (d, J = 14.4 Hz, 1H, CH=CHI) 
UV/vis: Amax (E, Lmor1cm-1) 349 (13100), 406 (154200), 530 (9400), 566 (14200) 
FAB MS : m/z 743 (M+, 58Ni) 
Anal. Calcd. for C3s~siN4Ni: C 61.39, H 6.10, N 7.54. Found: C 61.32, H 6.09, N 
7.33. 
Two slower eluting red bands were also collected, the solvent was removed in vacuo, 
and the residues were recrystallised from CHCb/methanol to give red prisms (12.3 
mg, 12%) and a purple powder (2.0 mg, 2%) respectively. In order of elution the 
compounds were shown by 1HNMR to be the following compounds: 
Experimental 109 
(i) NiOEP-COCH3 (75) 
1H NMR : (CDCh) 8 1.62 (t, J = 7.5 Hz, 6H, CH3 of 3,7 ethyl groups), 1.61-1.79 
(overlapping t, ISH, CH3), 2.74 (s, 3H, CO-CH3) 3.57 (q, J = 7.5 Hz, 4H, CH2 of 3,7 
ethyl groups), 3.84-3.90 (overlapping q, 12H, CH2), 9.54 (s, lH, 15-mesoH), 9.60 (s, 
2H, 10,20-mesoH) 
UV/vis: Amax (c, Lmof1cm-1) 350 (12700), 401(161500), 524 (9800), 560 (15600) 
FAB MS: m/z 632 (M+, 58Ni) 
Anal. Calcd. for C3s~6N4NiO: C 72.04, H 7.32, N 8.84. Found C 71.84, H 7.34, N 
8.56. 
(ii) NiOEP-CH2CHO (76) by comparison of its 1H NMR spectrum with the 
literature.79 
5-trans-(2/-Iodoethenyl)-2,3, 7,8,12,13,17,18-octaethylporphyrin 
I HzOEP-CH=CHI.I 
This preparation was attempted by a similar procedure to that for (74). A mixture of 
aldehyde (84) (20 mg, 0.036 mmol), CHI3 (140 mg, 0.36 mmol) in dry THF (10 mL) 
was added to CrClz (130 mg, 1.1 mmol) under argon. After the work-up, TLC, 
UV/visible and 1H NMR revealed that only starting material had been recovered and 
no conversion of the porphyrin had occurred. 
5-trans-(2 /-Iodoethenyl )-2,3, 7,8,12,13, 17,18-octaethylporphyrinatozinc(Il) 
I ZnOEP-CH=CHI.I 
This preparation was attempted by a similar procedure to that of (74). A mixture of 
aldehyde (83) (10 mg, 0.016 mmol), CHI3 (63 mg, 0.16 mmol) in dry THF (10 mL) 
was added to CrClz (58 mg, 0.48 mmol) under argon. After the work-up, TLC, 
UV/visible and 1H NMR revealed that the starting material had been demetallated to 
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give (84), presumably by acid present in the CHCh, otherwise no reaction of the 
porphyrin had occurred. 
5-trans-(2 /-Iodoethenyl )-2, 3, 7, 8, 12, 13, 17, 18-octaethylporphyrinatocopper( II) 
J CuOEP-CH=CHI.I 
(i) This preparation was attempted by a similar procedure to that of (74). A 
mixture of aldehyde (82) (14 mg, 0.022 mmol), CHI3 (90 mg, 0.22 mmol) in dry 
THF (10 mL) was added to CrClz (80 mg, 0.66 mmol) under argon. After the work-
up, TLC, UV/visible and revealed that only starting material had been recovered and 
no conversion of the porphyrin had occurred. 
(ii) This preparation was attempted by a similar procedure to that of (74). A 
mixture of (82) (14 mg, 0.022 mmol), CHI3 (90 mg, 0.22 mmol) in dry THF (10 mL) 
was added to CrCh (80 mg, 0.66 mmol) and this time the mixture was heated to 
reflux under argon for 3 h. After the work-up, TLC, UV/visible and revealed that 
only statiing material had been recovered and no conversion of the porphyrin had 
occurred. 
5-trans-(2 /-Iodoethenyl )-5, 10, 15,20-tetraphenylporphyrinatonickel( II) (86) 
I NiTPP-CH=CHI.I 
This preparation was attempted by a similar procedure to that of (74). A mixture of 
aldehyde (85) (17 mg, 0.024 mmol), CHI3 (93 mg, 0.24 mmol) in dry THF (10 mL) 
was added to CrCh (87 mg, 0.72 mmol) under argon. After the work-up and column 
chromatography on silicagel (230-400 mesh, 50% CHCh/hexane) the major red band 
was collected and fractions containing (86) were combined and recrystallised from 
CHCb/methanol to yield a red powder (17 mg, 87%). 1H NMR analysis of the 
product showed that it consisted of both the cis/trans isomers in approximately a 
50:50 ratio. 
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1H NMR : (CDCh) 8 6.21 (d, Jcis = 8.4 Hz, 1H, CH=Cffl), 6.74 (d, Itrans = 14.4 Hz, 
1H, CH=Cffl), 6.87 (dd, J = 14.4, 1.2 Hz, 1H, CH=CHI of trans isomer), 6.88 (dd, J 
= 8.4, 1.2 Hz, 1H, CH=CHI of cis isomer) ca. 7.68 (m, m-,p-H of phenyl groups), ca. 
7.85 (m, o-H of phenyl group next to vinyl group), 7.98 (m, o-H of other phenyl 
groups), 8.64-8.76 (m, 8-H, ~-H), 9.05 (d, J = 1.2 Hz, 1H, ~-H on C2 of cis isomer) 
UV/vis: Amax (£, Lmor1cm-1) 422 (190600), 535 (16100), 567 (sh) (3900) 
F AB MS : rnlz 823 (M+ + 1, 58Ni) 
Anal. Calcd. for C46H29IN4Ni: C 67.10, H 3.55, N 6.80. Found C 67.22, H 3.73, N 
6.45. 
5-Ethynyl-2,3, 7,8, 12, 13, 17, 18-octaethylporphyrinatonickel(Il) (66) 
I NiOEP-O=CH.I 
The iodovinyl monomer (74) (20 mg, 0.034 mmol) was dissolved in dry THF (5 mL) 
under argon. Excess tBuOK (110 IlL of 1.5 Min THF, 0.165 mmol) was added via 
syringe and the solution immediately turned purple/green. The solution was stirred 
for a further 10 min then the reaction stopped by the addition of water. CHCh was 
added and the organic layer was removed and washed thoroughly with water, dried 
over Na2S04 , filtered and the solvent removed in vacuo to yield a purple residue 
(16.1 mg, 97%) of (66). Further purification was not attempted as oxidation to (3a) 
proceeded spontaneously. Spectral data eH NMR, UV/visible) were as previously 
descri bed.19 
1,4-Bis£2 ~3~ 7~8~ 12 ~ 13~ 17~ 18/-octaethylporphyrinatonickel(II)-5/-yl] -1,3-
butadiyne (3a) 
I NiOEP-C-C=C-C=C-NiOEP.I 
(i) Iodovinyl monomer (74) (20 mg, 0.027 mmol) was dissolved in dry pyridine 
(5 mL) under argon. tBuOK (40 IlL of 1.5 Min THF, 0.060 mmol) was added via 
syringe and the mixture allowed to stir for 1 h at room temperature. 
Cu(Il)(OAc)z.H20 (20 mg, 0.11 mmol) was added and the mixture heated to 60 °C 
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for 3 h with a drying tube in place to allow for the infusion of air. The pyridine was 
removed under high vacuum, and the residue was dissolved in CHCb and the organic 
layer was washed with 2 M HCl, then thoroughly washed with water, dried with 
Na2S04, filtered and the solvent removed in vacuo. The crude product was 
chromatographed on silicagel (230-400 mesh, 50% CHCb/hexane). Fractions 
containing (3a) were recrystallised from CHCb/methanol to yield a dark green 
powder (14.0 mg, 84%). Spectral data (1H NMR, UV/visible) were as previously 
described.19 
(ii) In one case with aldehyde (74) (680 mg, 1.1 mmol), when Cu(II)(OAc)2.H20 
was inadvertently added before the dehydroiodination step was complete, two 
slower-eluting green bands were also collected and recrystallised from 
CHCb/methanol to give dark green needles (50.6 mg, 8.8%) and dark green crystals 
(25 mg, 4.2%) respectively. In order of elution the compounds were shown by 1H 
NMR to be the following compounds: 
(a) NiOEP-C2-CO-CH=CH-NiOEP (88) 
1H NMR: (CDCb) 8 1.45-1.83 (overlapping t, 42H, 22-, 2'2-, 3'2-, 7'2-, 82-, 8'2- 122-, 
12'2-, 132-, 13'2-, 172-, 17'2-, 182-, 18'2-H), 3.60-3.90 (overlapping q, 32H, 22-, 2'2-, 
32- 3'2- 72- 7'2- 82- 8'2- 122- 12'2- 132- 13'2- 172- 17'2- 182- 18'2-H) 413 ( J 
' ' ' ' ' ' ' ' ' ' ' ' ' . q, 
= 7.5 Hz, 4H, CH2 of ethyl groups flanking the triple bonds), 5.94 (d, J = 15.0 Hz, 
1H, trans CH=CH), 9.34 (s, 2H, 10'-, 20'-H on alkenyl side), 9.37 (s, 1H, 15'-H on 
alkenyl side), 9.42 (s, 2H, 10-, 20-H on alkynyl side), 9.44 (s, 1H, 15-H on alkynyl 
side), 10.14 (d, J = 15.0 Hz, 1H, trans CH=CH). 
UV/vis: Amax (E, Lmor1cm-1) 406 (130000), 457 (sh) (73500), 564 (sh) (16000), 618 
(21400) 
FAB MS: m/z 1259 (M+, 58Ni, 58Ni) 
Anal. calcd. for C77H88N8Niz0: C 73.46, H 7.05, N 8.90. Found C 73.16 H, 7.10, N 
8.83. 
(b) NiOEP-CH=CH-CHO (87) by comparison with the literature.89 
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1,5-Bis[2~3~ 7~8~ 12 ~ 13~17~ 18/-octaethylporphyrinatonickel(Il)-5/-yl]pent-1-ene-3-
one-4-yne. (88) 
I NiOEP-CH=CH-CO-C=C-NiOEP.I 
To a stirred solution of (66) (10 mg, 0.016 mmol) and (87)89 (12 mg, 0.019) in dry 
pyridine (10 mL), Cu(II)(OAc)z.H20 (10 mg, 0.055 mmol) was added and the 
reaction mixture was heated at 60 °C for 3 h. The solvent was removed under high 
vacuum and the residue taken up in CHCh. The CHCh layer was washed with 2M 
HCl then with water and dried over Na2S04, filtered and the solvent removed in 
vacuo. 
1H NMR analysis of the residue showed that (3a) was the only new product 
with the starting material (87) being recovered, and the desired product was not 
formed. 
Bis( 1 0,20-diphenylporphyrinatonickel(Il)-5-yl) (92) 
I NiDPP-NiDPP.I 
To a stirred solution of (91) (20 mg, 0.033 mmol) in dry DMF (10 mL) a catalytic 
amount of [Ni(O)(C0)2(PPh3) 2] (ca. 2 mg, 0.003 mmol) was added under argon at 
room temperature. The reaction was monitored by TLC (50% CHCh/hexane). After 
24 h at room temperature, a comparison of the TLC of the reaction mixture and that 
of the starting material showed no new spots were present. The solvent was removed 
under high vacuum and 1H NMR analysis of the residue proved that only starting 
material had been recovered. 
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trans, trans-] ,4-Bis[2 ~3~ 7~8~ 12 ~ 13 ~ 17~ 18/-octaethylporphyrinatonickel(ll)-5/-yl]-
1,3-butadiene (93) 
I NiOEP-CH=CH-CH=CH-NiOEP.I 
(i) To a stirred solution of (74) (17 mg, 0.023 mmol) in dry DMF (5 mL) a 
catalytic amount of [Ni(O)(C0)2(PPh3)2] (ca. 2 mg, 0.003 mmol) was added under 
argon at room temperature. The reaction was monitored by TLC (50% 
CHCb/hexane ). After 24 h a comparison of the TLC of the reaction and that of the 
starting material showed no new spots were present. The solvent was removed under 
high vacuum and 1H NMR analysis of the residue proved that only starting material 
had been recovered. 
(ii) A similar procedure to that as above was repeated except that the solvent was 
replaced with DMSO and the reaction heated at 70 °C for 24 h. Once again TLC 
analysis showed no change had occurred and the starting material was suitably 
recovered. 
1-{ 10~20/-Diphenylporphyrinatonickel(II)-5/-yl] -2-{2/~3/~ 7/~8/~12 /~13/~17/~18//­
octaethylporphyrinato)nickel(II)-5//-yl]ethyne (94) 
I NiDPP-C=C-NiOEP.I 
A degassed solution of the alkyne (66) (15 mg, 0.024 mmol) and the monobromo-
porphyrin (91) (29 mg, 0.048) in 50% triethylamine/THF (10 mL) was treated with a 
catalytic amount of Cu(I)I (ca. 1 mg, 0.005 mmol) and [Pd(ll)Clz(PPh3) 2] (ca. 2 mg, 
0.003 mmol) and heated under argon at 60 °C. The reaction was monitored by TLC 
(30% CHCh/hexane). After 2 h all (66) had been consumed and a new green spot 
was visible. The solvent was removed in vacuo. and the residue taken up in CHCh. 
The CHCh layer was washed with 2M HCl and thoroughly with water, dried over 
Na2S04, filtered and the solvent removed in vacuo. After chromatography, 1H NMR 
showed that the only products were recovered (91) and (3a) with none of the desired 
product formed. 
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2,3, 7,8,12,13,17,18-0ctaethylporphyrinatoiron(Ill) chloride (96)54 
I Fe(OEP)CLI 
A solution of FeCl}.H20 (1.17g, 4.33 mmol) and NaOAc (0.5 g, 6.1 mmol) in glacial 
CH3COOH (200 mL) contained in a 250 mL round-bottom flask fitted with a Sohxlet 
extractor containing (95) (700 mg, 1.31 mmol) was heated under reflux until the 
porphyrin was extracted from the thimble. The solution was cooled and the bulk of 
the solvent removed in vacuo. Water was added and the resulting suspension filtered 
to afford crude (96) (810 mg, 99%). 
trans-2,3, 7,8,12,13,17,18-0ctaethylchlorin (98)54 
The crude (96) from the preparation above (810 mg, 1.3 mmol) was dissolved in 
isoamyl alcohol (80 mL) in a 250 mL round-bottom flask fitted with a condenser. 
The mixture was stirred at 150 °C for 15 min and sodium (8.3 g, 0.36 mol) was 
added portionwise and the mixture stirred for a further 15 min at 175 °C. The 
resulting dark green solution was cooled in an ice-bath until solidification had 
occurred. The solution was removed from the ice-bath, and methanol (20 mL) and 
water (100 mL) were added, and the solution stirred until the bulk of the solid had 
dissolved. The mixture was extracted with benzene and then washed with 
concentrated HCl. The organic layer was separated and thoroughly washed with 
water, dried over Na2S04, filtered and the mixture concentrated in vacuo. The 
resulting dark green solution was added to glacial CH3COOH (300 mL) under an 
argon atmosphere. Saturated Fe(II)S04 in concentrated HCl (35 mL) was added via 
dropping funnel and the mixture stirred for 5 min at room temperature. The resultant 
solution was poured into an ice cold mixture of saturated NaOAc (200 mL) and 
benzene (200 mL). The organic layer was separated, washed thoroughly with water, 
dried over Na2S04, filtered and the solvent removed in vacuo. The resultant dark 
solid was dissolved in benzene and then extracted with 50% (w/w) ortho-phosphoric 
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acid until the extracts were colourless. The organic layer was then extracted with 
75% (w/w) ortho-phosphoric acid until the extracts were pale blue. The benzene 
layer was discarded and the 75% ortho-phosphoric acid extracts diluted with water 
until""' 60% (w/w) and then extracted with benzene. The organic layer was separated, 
washed thoroughly with water, dried over Na2S04, filtered and the solvent removed 
in vacuo. The resultant dark blue solid was recrystallised from CHCh/ethanol to 
yield (98) (500 mg, 72%). The spectral data crH NMR, UV/visible) were as 
previously described.54 
trans-2,3, 7,8,12,13,17,18-0ctaethylchlorinatonickel(Il) (99)101 
INiOEC.I 
A solution of (98) (500 mg, 0.93 mmol) and NiClz.6H20 (700 mg, 2.9 mmol) in 
DMF (200 mL) was refluxed under argon for 1h. The solution was cooled to room 
temperature and water (500 mL) added to precipitate the product which was then 
extracted into CHCh. The organic layer was separated and washed thoroughly with 
water, dried over Na2S04, filtered and the solvent removed in vacuo. The crude 
product was chromatographed on silicagel (230-400 mesh, benzene). Fractions 
containing (99) were recrystallised from CHCh/methanol to yield dark blue crystals 
(458 mg, 83%). Spectral data (1H NMR, UV/visible) were as previously 
described.101 
5-Formyl(trans-2,3, 7,8,12,13,17,18-octaethylchlorinato )nickel( II) (100)56 
I NiOEC-CHO.I 
POCh (1.3 mL, 13.8 mmol) was added dropwise to DMF (1.3 mL, 16.0 mmol) in 
dichloroethane (5 mL) under argon in an ice-water bath. The mixture was warmed to 
room temperature and chlorin (99) (400 mg, 0.67 mmol) dissolved in dichloroethane 
(100 mL) was added via dropping funnel over 15 min. After the addition was 
complete, the mixture was stirred at 50 °C for 10 min. Saturated NaOAc (200 mL) 
was added and the solution stirred vigorously under reflux for 1 h. DCM was added 
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and the organic layer separated, washed thoroughly with water, dried over Na2S04, 
filtered and the solvent removed in vacuo. The crude product was chromatographed 
on silicagel (230-400 mesh, toluene) and fractions containing (100) were 
recrystallised from CHCh/hexane to yield dark green plates (335 mg, 80%). The 1H 
NMR spectrum of the product revealed a minor contamination (<5%) of inseparable 
(63). Spectral data (1H NMR, UV/visible) were as previously described. 56 
5-trans-(2 /-Iodoethenyl)-[trans-2,3, 7,8,12, 13, 17, 18-octaethylchlorinato ]nickel(!!) 
(101) 
I NiOEC-CH=CHI.I 
(i) CrCh (100 mg, 0.81 mmole) was added to a dry 25 mL round bottom flask 
and gently flame dried under high vacuum. Upon cooling, the vacuum was released 
under argon and the flask was charged with THF (3 mL). The slurry was stirred for 
15 min to prevent aggregation of the CrCh. To another flask containing aldehyde 
(100) (20 mg, 0.032 mmole), THF (5 mL) was added followed by CHI3 (80 mg, 0.20 
mmole). These were then added dropwise by syringe to the CrCh slurry. The 
reaction was then stirred for 3 h at room temperature, during which the reaction was 
monitored by TLC (25% CHCh/hexane) and the appearance of a more mobile green 
spot was observed. Continued stirring had no apparent effect on the composition of 
the reaction mixture. CHCh was added to the reaction mixture and the organic layer 
removed, repeatedly washed with water, dried over Na2S04 and the solvent removed 
in vacuo. The residue was dissolved in ether, and treated with TBAF (0.5 mL, 1 M in 
THF) with stirring to remove excess CHI3. This solution was allowed to stir for 10 
min and then filtered through a plug of silicagel (230-400 mesh) using ether for 
washing. The solvent was removed in vacuo. The crude product was 
chromatographed on silicagel (230-400 mesh, 25% CHCh/hexane) the fastest 
moving band was collected and fractions containing (101) were recrystallised from 
CHCb/5% aqueous methanol to yield a green powder (2.4 mg, 10%). Residual 
starting material was also recovered. 
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1H NMR: (CDCh) 8 0.90 (t, J = 7.5 Hz, 3H, 22-H), 1.00 (t, J = 7.5 Hz, 3H, 32-H), 
1.30, 1.42 (each m, 2H, 31-H), 1.73, 1.76 (each m, 2H, 21-H), 1.40-1.69 (overlapping 
t, 18H, 72-,82-, 122-, 132-, 172-, 182-H), 3.30-3.68 (overlapping q, 12H, i-, 81-, 121-, 
131-, 171-, 181-H), 3.92 (t, J = 7.2 Hz, 1H, 2-H), 4.02 (dd, J = 9.6, 3.6 Hz, 1H, 3-H), 
5.80 (d, J = 14.7 Hz, 1H, CH=Cffi), 7.92 (s, 1H, 20-mesoH), 8.64 (d, J = 14.7 Hz, 
1H, CH=CID), 8.90,8.94 (each s, 2H, 10-,15-mesoH). 
UV/vis : Amax (rel. int.) 408 (11.2), 580 (sh) (1.0), 626 (3.3) 
FAB MS : m/z 745 (M+, 58Ni) 
(ii) Attempts to increase the yield of (101) by increasing the excess of CrCh and 
cm3 and the use of elevated temperatures led only to partial de-formylation of the 
starting material to yield (99). 
5-ethenyl-(trans-2,3, 7,8, 12, 13,17, 18-octaethylchlorinato )nickel( II) (103) 
I NiOEC-CH=CH2.1 
BuLi (95 IlL of 1.6 M in hexane, 0.15 mmol) was added dropwise to a stirred 
suspension of methyltriphenylphosphonium bromide (50 mg, 0.14 mmol) in dry THF 
(4.0 rnL) under argon. The resulting bright yellow solution was stirred for 10 min 
then an aliquot (1.0 rnL) added via syringe to a stirred solution of aldehyde (100) (20 
mg, 0.032 mmol) in dry THF (5 rnL). After 30 min TLC (25% CHCh/hexane) 
showed the disappearance of starting material so the reaction was stopped via the 
addition of water. The product was extracted into CHCh and the organic layer 
washed thoroughly with water, dried over Na2S04, filtered and the solvent removed 
in vacuo. The crude product was chromatographed on silicagel (230-400 mesh, 25% 
CHCh/hexane) to remove a trace of the more polar (100). Fractions containing (103) 
were recrystallised from CHCh/ 5% aqueous methanol to yield a green powder (14.3 
mg, 72%). 
(Note : In all of the following chlorin compounds there is always a small impurity 
from the analogous porphyrin present, and therefore the E values are only 
approximate.) 
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1H NMR : (CDCb) 8 0.94 (t, J = 7.5 Hz, 3H, 22-H), 1.08 (t, J = 7.5 Hz, 3H, 32-H), 
1.34, 1.45 (each m, 2H, 31-H), 1.81, 1.83 (each m, 2H, 21H), 1.42-1.72 (overlapping 
t, 18H, 72-, 82-, 122-, 132-, 172-, 182-H), 3.47-3.70 (overlapping q, 12H, 71-, 81-, 121-, 
131-, 1i-, 181-H), 3.94 (t, J = 7.2 Hz, 1H, 2-H), 4.10 (dd, J = 10.2, 3.3 Hz, 1H, 3-H), 
4.85 (dd, J = 17.4, 2.2 Hz, 1H, cis CH=CH2), 5.75 (dd, 10.8, 2.2 Hz, 1H, trans 
CH=CHz), 7.93 (s, 1H, 20-mesoH), 7.98 (dd, J = 10.8, 17.4 Hz, 1H, CH=CH2), 8.91, 
8.93 (each s, 2H, 10-, 15-mesoH) 
UV/vis: Amax (c, Lmor1cm-1) 409 (64600), 501 (3600), 581 (sh) (5300), 627 (23900) 
FAB MS: rn!z 618 ( M+, 58Ni) 
5-trans-(2 /-Bromoethenyl)-[trans-2,3, 7,8, 12, 13, 17,18-octaethylchlorinato ]nickel( II) 
(104) 
I NiOEC-CH=CHBr.l 
(i) To a stirred suspension of bromomethyltriphenylphosphonium bromide (200 
mg, 0.46 mmol) in dry THF (4.0 rnL) BuLi (290 )lL of 1.6 Min hexane, 0.46 rnrnol) 
was added dropwise under argon. An aliquot (1.0 rnL) of the resultant solution (1.0 
rnL) was added to a stirred solution of (100) (18 mg, 0.028 mmol) in dry THF (3 rnL) 
under argon. The reaction was followed by TLC (25% CHCh/hexane) and after 30 
min the reaction was stopped by the addition of water. The product was extracted 
into CHC13 and the organic phase separated, washed thoroughly with water, dried 
over Na2S04, filtered and the solvent removed in vacuo. The crude product was 
subjected to column chromatography on silicagel (230-400 mesh, 25% 
CHCh/hexane) and the major green band collected. From 1H NMR analysis the 
major products were (102) and (103) (approximately 40:60). 
(ii) To a stirred suspension of bromomethyltriphenylphosphonium bromide (100 
mg, 0.23 rnrnol) in dry THF (3.0 rnL) at -78 °C under argon, BuLi (145 ~-tL of 1.6 M 
in hexane, 0.23 rnrnol) was added dropwise and the solution was allowed to stir for a 
further 10 min. To this solution (100) (20 mg, 0.032 rnrnol) dissolved in dry THF (3 
rnL) was added dropwise. The reaction was monitored by TLC (25% CHCh/hexane) 
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and the reaction stopped after 1 h by the removal of the cooling bath and the addition 
of water. CHCh was added and the organic phase separated, washed thoroughly with 
water, dried over Na2S04, filtered and the solvent removed in vacuo. The crude 
product was chromatographed on silicagel (230-400 mesh, 25% CHCb/hexane) and 
the major green fraction collected. 1H NMR analysis showed the major products to 
be (102) and (103) (approximately 50:50). 
(iii) To a stirred suspension of bromomethyltriphenylphosphonium bromide (200 
mg, 0.46 mmol) in dry THF (4.0 mL) at -78 °C, tBuOK (170 ~L of 1.5 Min THF, 
0.46 mmol) was added dropwise under argon. A portion of the resultant solution (1.0 
mL) was added to a stirred solution of (100) (20 mg, 0.032 mmol) in dry THF (3 mL) 
at -78 °C under argon. The reaction was followed by TLC (25% CHCb/hexane) and 
after 2 h the reaction was stopped by the addition of water. The product was 
extracted into CHCb and the organic phase separated, washed thoroughly with water, 
dried over Na2S04, filtered and the solvent removed in vacuo. The crude product was 
subjected to column chromatography on silicagel (230-400 mesh, 25% 
CHCb/hexane) and the major green band collected and recrystallised from 
CHCb/5% aqueous methanol to yield a green powder (10.5 mg, 47%). From 1H 
NMR analysis the major product was (102) with no detectable (103) contamination 
although there was a minor ( <10%) (65) impurity. 
1H NMR : (CDCb) 8 0.91 (t, J = 7.5 Hz, 3H, 22-H), 1.05 (t, J = 7.5 Hz, 3H, 32-H), 
1.28, 1.45 (each m, 2H, 31H), 1.77, 1.79 (each m, 2H, 21-H), 1.42-1.70 (overlapping 
t, 18H, 72-, 82-, 122-, 132-, 172-, 182-H), 3.40-3.67 (overlapping q, 12H, 71-, 81-, 121-, 
131-, 171-, 181-H), 3.94 (t, J = 6.9 Hz, 1H, 2-H), 4.03 (dd, J = 9.3, 3.3 Hz, 1H, 3-H), 
5.79 (d, J = 13.8 Hz, 1H, CH=CHBr) 7.93 (s, 1H, 20-mesoH), 8.33 (d, J = 13.8 Hz, 
1H, CH=CHBr), 8.91, 8.96 (each s, 2H, 10-,15-mesoH). 
UV/vis: Amax (£, Lmor1cm-1) 408 (82500), 501 (4200), 528 (sh) (3200), 577 (sh) 
(6400), 627 (27100) 
FAB MS: m/z 698 (M+, 58Ni, 79Br) 
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5-(2 ~2 /-Dibromoethenyl)-[trans-2,3, 7,8, 12,13,17, 18-octaethylchlorinato ]nickel( II) 
(104) 
I NiOEC-CH=CBr2.l 
A suspension of Zn dust (325 mg, 5 mmol), PPh3 (1.31 g, 5 mmol) and CBr4 (1.51 g, 
5 mmol) in DCM (10 mL) was stirred at room temperature for 60 h. During this 
period a white solid precipitated and the solution became red. To (100) (20 mg, 0.032 
mmol) in DCM (5 mL) an aliquot (0.5 mL) of the above solution was added and the 
mixture was allowed to stir for 3 hat room temperature. During this time the reaction 
was monitored by TLC (25% CHCb/hexane) and no changes were observed. The 
reaction was stopped by the addition of water and the products extracted with DCM. 
The organic layer was separated and washed thoroughly with water, dried over 
Na2S04, filtered and the solvent removed in vacuo. 1H NMR analysis of the products 
revealed that only starting material had been recovered. 
5-Ethynyl-(trans-2,3, 7,8, 12, 13, 17, 18-octaethylchlorinato )nickel(1I) (105) 
I NiOEC-C=CH.I 
The bromovinyl monomer (102) (16 mg, 0.023 mmol) was dissolved in dry THF (5 
mL) under argon and an excess of tBuOK (200 !!L of 1.5 M in THF, 0.3 mmol) 
added dropwise. The reaction was stirred for 1 h at room temperature. The reaction 
mixture was evaporated to dryness and extracted with CHCb. The organic layers 
were combined and washed thoroughly with water, dried over Na2S04, filtered and 
the solvent removed in vacuo to yield a blue/green powder (14 mg, 99%) of crude 
(105). From the 1H NMR spectrum the product was contaminated with a small 
amount of (106) and (66). Further purification was not attempted as the monomer 
spontaneously oxidises to the dimer. 
1H NMR: (CDCb) 8 0.99 (t, J = 7.5 Hz, 3H, 22-H), 1.05 (t, J = 7.5 Hz, 3H, 32-H), 
1.24, 1.54 (each m, 2H, 31-H), 1.76, 1.91 (each m, 2H, 32-H), 1.49-1.68 (overlapping 
2 2 2 2 2 2 6 . 1 81 1 t, 18H, 7 -, 8 -, 12 -, 13 -, 17 -, 18 -H), 3.46-3. 3 (overlappmg q, 12H, 7 -, -, 12 -, 
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131-, 1i-, 181-H), 3.74 (s, 1H, C=CH), 3.93 (t, J = 6.9 Hz, 1H, 2-H), 4.43 (dd, J = 
10.2, 3.3 Hz, 1H, 3-H), 7.97 (s, 1H, 20-mesoH), 8.91,8.95 (each s, 2H, 10-, 15-
mesoH). 
UV/vis: Amax (rel. int.) 396 (sh) (12.8), 412 (16.3), 502 (1.0), 588 (sh) (1.5), 630 
(6.4) 
1,4-Bis[trans-2 ~3 ~ 7~8~ 12 ~13~17~ 18/-octaethylchlorinatonickel(ll)-5/-yl] -1,3-
butadiyne (106) 
I NiOEC-C=C-c=C-NiOEc.l 
To the crude ethynyl compound (105) (11 mg, 0.018 mmol) dissolved in dry 
pyridine, Cu(II)(0Ac)z.H20 (10 mg, 0.050 mmol) was added and the reaction 
mixture was stirred at 60 °C for 3 h. The solvent was removed under high vacuum, 
the dark green residue was dissolved in CHCh and washed with 2 M HCl. The 
organic layer was separated, washed thoroughly with water, dried over Na2S04, 
filtered and the solvent removed in vacuo. The crude product was chromatographed 
on silicagel (230-400 mesh, 15% DCM/hexane) and fractions containing (106) were 
combined and recrystallised from CHCh/methanol to yield dark green crystals (6 
mg, 55%). 
1H NMR : (C6D6) 8 0.82 (t, J = 7.5 Hz, 6H, 22-, 2'2-H), 1.15 (t, J = 7.5 Hz, 6H, 32-, 
3'2-H), 1.43-1.60 (overlapping t, 30H, 82-, 8'2-, 122-, 12'2-, 132-, 13'2-, 172-, 17'2-, 
182-, 18'2-H), 1.55 (m, 4H, 21-, 2'1-H), 1.66, 2.16 (each m, 4H, 31-, 3'1-H), 2.03 (t, J = 
7.2 Hz, 6H, 72-, 7'2-H), 3.30-3.50 (overlapping q, 20H, 81-, 8'1-, 121-, 12'1-, 131-, 
13'1-, 1i-, 17'1-, 181-, 18'1-H), 3.82 (t, J = 7.2 Hz, 2H, 2-, 2'-H), 4.05, 4.30 (each m, 
4H, 71-, 7'1-H), 4.77 (dd, J = 9.9, 3.3, 2H, 3-H), 8.02 (s, 2H, 20-, 20'-mesoH), 9.01, 
9.06 (each s, 4H, 10-, 10'-, 15-, 15'-mesoH). 
UV/vis: Amax (£, Lmor1cm-1) 413 (48800), 453 (59200), 504 (sh) (9100), 558 (9100), 
595 (12300), 641 (35900) 
FAB MS: m/z 1232 (M+, 58Ni, 58Ni) 
Anal. calcd. for C76H9oN4Niz: C 74.03, H 7.36, N 9.09. Found: C 74.64, H 7.21, N 
9.11. 
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10,20-Diphenyl-5-(trimethylsilylethynyl)porphyrinatonickel(II) (112)99 
I NiDPP-C=C-SiMe3.1 
A degassed solution of the monobromo compound (91) (50 mg, 0.084 rnrnol) in 
triethylamine (60 mL) was treated with trimethylsilylacetylene (120 ~' 10-fold 
excess) in the presence of Pd(II)Ch(PPh3)z (ca. 4 mg, 0.0056 rnrnol) and Cu(I)I (ca. 
2 mg, 0.010 rnrnol). The reaction was stirred at 50 °C for 3 h, then overnight at room 
temperature. The solvent was removed in vacuo and the residue extracted with 
CHCh and washed with 2M HCl and water, dried over Na2S04, filtered and the 
solvent removed in vacuo. Column chromatography on silicagel (230-400 mesh, 
20% CHCh/hexane) afforded separation of the product from unreacted starting 
material. The product (112) was recrystallised from CHCb/methanol yielding 
red/purple crystals (41 mg, 80%). Spectral data (UV/visible, 1H NMR) were as 
previously described.99 
5-Ethynyl-1 0,20-diphenylporphyrinatonickel(II) (113) 
I NiDPP-C=CHI 
The method of Jarnes79 was used to deprotect the silyl protected alkyne. The 
protected alkyne (112) (20 mg, 0.032 rnrnol) was dissolved in DCM (10 mL). 
Tetrabutylarnrnonium fluoride hydrate (16 mg, 0.06 rnrnol) was added and the 
reaction stirred at room temperature for 1 h. Methanol (5 rnL) was added and the 
solvent removed in vacuo. The resultant residue was extracted with CHCh, washed 
thoroughly with water, dried over Na2S04 , filtered and the solvent removed in vacuo. 
This yielded (113) (16.6 mg, 96%) as a red powder. The 1H NMR spectrum of the 
product showed complete deprotection with no remaining (112). Further purification 
was not attempted as oxidation to the dimer proceeds spontaneously. 
1H NMR : (CDCb) 8 4.16 (s, 1H, C=CH), 7.72 (m, m-, 6H, p-HphenyJ), 8.02 (m, 4H, 
o-HphenyJ), 8.82 (d, J = 5.1 Hz, 2H, ~H on C2, C8), 8.85 (d, J = 5.1 Hz, 2H, ~H on 
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C12, Cl8), 9.08 (d, J = 5.1 Hz, 2H, f3H on C13, C17), 9.58 (d, J = 5.1 Hz, 2H, f3H on 
C3, C7), 9.79 (s, lH, mesoH). 
UV/vis : Amax (rel. int.) 412 (24.5), 527 (2.5), 558 (sh) (1.0) 
1-[ 1 0~20/-Diphenylporphyrinatonickel(II)-5/-yl] -4-[(trans-
2 /~3/~ 7/~8/~12 /~ 13 /~ 17/~ 18//-octaethylchlorinato )nickel(Il)-5//-yl] -1 ,3-butadiyne 
(110) 
I NiOEC-G=C-G=C-NiDPP.I 
The alkynyl compound (105) (10 mg, 0.016 mmol) was added to (113) (16 mg, 0.030 
mmol) dissolved in dry pyridine (10 mL) in the presence of Cu(II)(0Ac)z.H20 (20 
mg, 0.10 mmol). The reaction mixture was stirred for 3 h at 60 °C under a drying 
tube to allow for the infusion of air. The solvent was removed under high vacuum 
and the residue extracted with CHCb. This was washed with 2 M HCl, thoroughly 
with water, dried over Na2S04, filtered and the solvent removed in vacuo. The crude 
product was chromatographed on silicagel (230-400 mesh, 15% DCM/hexane) to 
separate (110) from unreacted starting materials and homocoupled dimers. Fractions 
containing (110) were combined and recrystallised from CHCh/methanol to yield 
(110) as green crystals (6.6 mg, 35%). The 1H NMR spectrum of the product 
revealed an approximate 25% (115) inseparable impurity. 
1H NMR : (CDCh) 8 1.06 (t, J = 7.5 Hz, 3H, 2'2 -H), 1.28 (t, J = 7.5 Hz, 3H, 3'2 -H), 
1.53-1.74 (overlapping t, 15H, 8'2-, 12'2-, 13'2-, 17'2-, 18'2-H), 1.79 (m, 2H, 2'1-H), 
1.86 (t, J = 7.5 Hz, 3H, 7'2H), 1.89, 2.19 (each m, 2H, 311-H), 3.40, 4.17 (each m, 2H, 
7'1-H), 3.42-3.68 (overlapping q, 15H, 8'1-, 12'1-, 13'1-, 17'1-, 1811-H), 4.04 (t, J = 7.2 
Hz, lH, 2"-H), 4.65 (dd, J = 9.6, 3.3, lH, 3"-H), 7.73 (m, 6H, m-,p-Hphenyi), 8.02 (s, 
lH, 20'-mesoH), 8.05 (m, 4H, o-HphenyJ), 8.81 (d, J = 4.8 Hz, 2H, f3H on C2', C8'), 
8.88 (d, J = 4.8 Hz, 2H, f3H on C12', CIS'), 8.97, 9.07 (each s, 2H, 10"-, 15"-
mesoH), 9.07 (d, J = 4.8 Hz, 2H, f3H on C13', C17'), 9.65 (d, J = 4.8 Hz, 2H, f3H on 
C3', C7'), 9.78 (s, lH, 15'-mesoH). 
UV/vis. : Amax (rel. int.) 636 (1.7), 620 (sh) (1.63), 547 (1.0), 467 (4.4), 435 (4.6) 
FAB MS: m/z 1157 (M++W, 58Ni, 58Ni) 
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Anal. calcd. for CnH64NsNi2 : C 74.63, H 5.57, N 9.67. Found: C 73.82, H 5.52, N 
9.42. 
1-[ 1 0~20/-Diphenylporphyrinatonickel(11)-5/-yl] -4-[2/~3/~ 7/~8/~12 /),1 Y~17/~18/'­
octaethylporphyrinato )nickel( 11)-5 //-yl] -1,3 -butadiyne (115) 
I NiOEP-C=C-C=C-NiDPP.I 
The alkynyl compound (66) (15 mg, 0.024 mmol) was added to (113) (15 mg, 0.028 
mmol) dissolved in dry pyridine (10 mL) in the presence of Cu(II)(OAc )2 (20 mg, 
0.10 mmol). The reaction was stirred for 3 hat 60 °C under a drying tube to allow for 
the infusion of air. The solvent was removed under high vacuum and the residue 
extracted with CHCh. This was then washed with 2 M HCl and water, dried over 
Na2S04, filtered and the solvent removed in vacuo. The crude product was 
chromatographed on silicagel (230-400 mesh, 15% DCM/hexane) to separate (115) 
from unreacted starting materials and homocoupled dimers. Fractions containing 
(115) were combined and recrystallised from CHCh/methanol to yield (115) as green 
crystals (12 mg, 43% ). 
1H NMR : (CDCh) 1.71-1.83 (overlapping t, 18H, 2"2-, 8"2-, 12"2-, 13"2-, 17"2-, 
18"2-H), 2.05 (t, J = 7.5 Hz, 6H, 3"2-, 7"2-H), 3.75-3.93 (overlapping q, 12H, 2"1-, 
8"2-, 12"2-, 13"2-, 17"2- 18"2-H), 4.37 (q, J = 7.5 Hz, 4H, 3"1-, 7"1-H), 7.73 (m, m-, 
6H, p-Hphenyi), 8.05 (m, 4H, o-HphenyJ), 8.81 (d, J = 4.8 Hz, 2H, f3H-C2', C8'), 8.90 (d, 
J = 4.8 Hz, 2H, f3H on C12', C18'), 9.08 (d, J = 4.8 Hz, 2H, f3H on C13', C17'), 9.41 
(s, 1H, 15"-mesoH), 9.46 (s, 2H, 10", 20"-mesoH), 9.64 (d, J = 4.8 Hz, 2H, f3H on 
C3', C7'), 9.78 (s, 1H, 15'-mesoH). 
UV/vis: Amax (rei. int.) 419 (4.2), 448 (4.0), 475 (5.0), 584 (sh) (1.0), 625 (1.8) 
FAB MS : mlz 1158 (M+, 58Ni, 58Ni) 
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5.3. EXPERIMENTAL PROCEDURES FOR PART B 
Tetrabenzo[b,g,l,q] [5,10,15]triazaporphyrinatomagnesium(Il) (142)133 
IMgTBTAP.I 
To a suspension of flame dried magnesium (0.57 g, 23 mmol) in dry ether (30 mL) 
under argon CH3I (1.34mL, 21 mmol) was added dropwise at such a rate as to 
maintain a steady reflux of ether. During this period the magnesium dissolved and 
the solution changed from clear to white to grey. This Grignard reagent solution was 
then added to a suspension of phthalonitrile (2.5 g, 18 mmol) and the resulting 
solution stined at room temperature under argon for two hours. The ether was 
removed by passing a stream of argon through the reaction vessel for 15 min. 
Quinoline (15 mL) was added via syringe and the solution heated at 200 °C under 
argon for 20 hrs. The solution was cooled and diluted with DCM to precipitate the 
crude product. The crude product was collected by filtration and washed with hot 
methanol until the washings were colourless. The product was isolated as a blue solid 
(1.47 g, 56%). Due to its very limited solubility in common deuterated solvents, a 1H 
NMR spectrum was unobtainable. The UV/vis spectrum agreed with that of the 
literature.133 
22 (23 ), 72 (i ), 122 ( 123 ), 1 i ( 1 i )-Tetrakis(2 ~ 2 /-dimethylpropoxy )tetrabenzo 
[b,g,l,q} [ 5,1 0,15] -triazaporphyrinatomagnesium(II) (139) 
I MgNpTBTAP.I 
An aliquot (2.0 mL) of methylmagnesium iodide in dry ether, prepared from 
magnesium (170 mg, 7 mmol) and CH3I (0.30 mL, 5 mmol) in ether (20 mL) was 
added to a stined solution of 4-neopentoxyphthalonitrile (111 mg, 0.5 mmol) in ether 
(5 mL), causing a reaction in which a purple/brown colour developed. The reaction 
mixture was maintained at room temperature, under anhydrous conditions for 2 hrs. 
The solvent was removed by passing a stream of dry argon through the reaction 
vessel for 15 min. Quinoline (5 mL) was added to dissolve the resultant brown solid, 
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and the temperature was raised to 200 °C. Over a peliod of 2 hrs the reaction 
underwent a colour change from reddish-brown to dark green. The reaction was 
allowed to stir for a further 22 hrs at 200 °C. The reaction mixture was cooled then 
loaded onto a short silicagel column (30-70 mesh, ethyl acetate for elution) to 
remove insoluble impmities. The solution was concentrated in vacuo and the residual 
quinoline distilled under high vacuum. The crude mixture was subjected to column 
chromatography on silicagel (230-400 mesh, ethyl acetate) and the fast running green 
band collected and the solvent removed in vacuo to give a dark green powder (25 
mg, crude yield, 22%). The UV/vis spectrum of the crude residue showed that it 
contained the desired compound but was contaminated with the related Pc (140). 
Further attempts at pulification (column chromatography on silicagel (230-400 mesh, 
50% ethyl acetate/hexane) did not remove this contaminant from the desired product. 
UV/vis: (THF') Amax (rei. int.) 675 (5.7), 648 (4.7), 601 (1.6), 462 (sh) (1.0), 424 
(5.3), 378 (4.7). 
MALDI-TOF MS : 880 (M+, 24Mg) 
27-bromo-22(23 ), i(i ),122( 123),1i( 1i )-Tetrakis(2~2/-dimethylpropoxy) 
tetrabenzo[b,g,l,q] [5,10,15] triazaporphyrinatomagnesium(Il) (156) 
I MgNpTBTAP-Br.l 
To a stirred solution of impure (139) (20 mg, 0.023 mmol) dissolved in DCM (5 mL) 
cooled in an ice/water bath, N-bromosuccinimide (5 mg, 0.028 mmol) and pylidine 
(5 )lL) were added. The solution immediately turned olive green and TLC (50% ethyl 
acetate/hexane) showed the disappearance of the starting matelial and the appearance 
of a very polar stationary spot. Prolonged stirling and gentle heating failed to 
produce a mobile spot. The product was isolated by an extraction with DCM and 
subsequent washing with water, but it was found that none of the desired compound 
was present, and (139) was recovered. 
Experimental 
22(23), i(73 ),122( 123 ),1i( 1 i )-Tetrakis(2~2/-dimethylpropoxy )tetrabenzo 
[b,g,l,q] [5,10,15]-triazaporphyrin (143) 
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The foregoing crude mixture was dissolved in neat trifluoroacetic acid (3 mL) and 
stirred at room temperature. The reaction was monitored by TLC (30% ethyl acetate/ 
hexane). After 1 hr the TLC showed the disappearance of starting material and the 
appearance of a faster moving band. The reaction mixture was diluted with water and 
extracted with CHCh, The CHCh layer was washed with saturated NaHC03 and 
then thoroughly with water, dried over Na2S04, filtered and the solvent removed in 
vacuo to yield a dark blue/green powder (22 mg, 90%). The mass spectrum showed 
complete demetallation with none of the metallated product detectable. The use of 
more dilute acid (e.g. aqueous HCl, TFA/DCM) gave incomplete demetallation. 
UV/vis: (THF) Amax (rei. int.) 694 (2.0), 673 (1.9), 603 (1.0), 431 (sh) (1.8), 384 
(2.6). 
MALDI-TOF MS : 858 (M+) 
27-Bromo-22(23 ), i(i ), 122( 123),172( 1i )-tetrakis(2~2 /-
dimethylpropoxy )tetrabenzo[b,g,l,q] [5,1 0,15] triazaporphyrin 
(i) To a stirred solution of semi-crude (143) (20 mg, 0.023 mmol) dissolved in 
DCM (5 mL) cooled in an ice/water bath, N-bromosuccinimide (5 mg, 0.028 mmol) 
and pyridine (5 J.!L) were added. The solution immediately turned olive green and 
TLC (50% ethyl acetate/hexane) showed the disappearance of the starting material 
and the appearance of a very polar stationary spot. Prolonged stirring and gentle 
heating failed to produce a mobile spot. The product was isolated by an extraction 
with DCM and subsequent washings with water, but it was found that none of the 
desired compound was present, and (143) was recovered. 
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(ii) A similar procedure to that above using Bromine (2 molar equivalents) in 
DCM was repeated, with a similar result, and the starting material was recovered. 
(iii) To a stirred solution of (143) (20 mg, 0.023 mmol) dissolved in glacial 
CH3COOH (2 mL) bromine (6 j..tL, 12 mmol) in glacial CH3COOH (1 mL) was 
added and the mixture was heated at 110 °C. The colour changed immediately to an 
olive green and over the passage of 2 hrs slowly reverted to a dark green. TLC (20% 
ethyl acetate/hexane) showed the appearance of a slightly slower spot. The reaction 
mixture was diluted with water and extracted with CHCb. The CHCb layer was 
removed, washed with saturated NaHC03, water, dried over Na2S04, filtered and the 
solvent removed in vacuo to yield a dark green powder (15.7 mg). The mass 
spectrum of the crude product showed the presence of up to 4 bromine atoms, 
suggesting that polybromination on the benzene rings had occurred. 
MALDI-TOF MS : 937 (Br), 1115 (Br2), 1094 (Br3), 1173 (Br4). 
27-Iodo-22(23 ), 72(i ),122( 123 ),172( 1i )-tetrakis(2~2/­
dimethylpropoxy )tetrabenzo[b,g, l,q} [5, 10,15} triazaporphyrin (144) 
To a solution of (143) (20 mg, 0.023 mmol) in dry THF (10 mL), BuLi (Aldrich, 15 
j..tL of 1.6 M in hexanes) was added dropwise and the solution stirred at room 
temperature under argon for 5 min. Iodine (6 mg, 0.04 mmol) dissolved in dry THF 
(1 mL) was added via syringe and the reaction mixture was stirred for 2 hrs. TLC 
(50% THF/hexane) and UV/vis showed that no reaction had occurred and the starting 
material was suitably recovered. 
Experimental 
27-diethoxymethyltetrabenzo[b,g,l,q] [5, 10,15 ]triazaporphyrinatomagnesium(II) 
(145) 
I MgTBTAP-CH(OCHzCH3)z.1 
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Diethoxymethylmagnesium bromide in dry THF (7 .5 mL), prepared from 
magnesium (400 mg, 16 mmol) and 1-bromo-2,2-ethoxyethane (2.0 mL, 12 mmol) 
initiated with a trace of 1,2-dibromoethane was added to a stirred solution of 
phthalonitrile (0.6 g, 5 mmol) in ether (5 mL), causing a reaction in which a 
red/brown colour developed. The reaction mixture was maintained at room 
temperature, under anhydrous conditions for 5 hrs. The solvent was removed by 
passing a stream of dry argon through the reaction vessel. Quinoline (10 mL) was 
added and the temperature raised to 200 °C. After 24 hrs the mixture was allowed to 
cool to room temperature and filtered through a plug of silicagel (30-70 mesh, ethyl 
acetate for elution) to remove the insoluble impurities. The solvent was removed in 
vacuo and the residual quinoline removed under high vacuum. The crude pigment 
was further purified by column chromatography on silicagel (230-400 mesh, 70% 
ethyl acetate/hexane). The UV/vis spectrum showed that a TBTAP was present, 
however the MALDI-TOF mass spectrum did not display the desired parent ion. 
The UV/vis spectrum also showed that there was a Pc impurity, presumably (155). 
27-ethenyltetrabenzo[b,g,l,q] [5,1 0,15 ]triazaporphyrinatomagnesium(II) (149) 
I MgTBTAP-CH=CHz.l 
To a stirred suspension of phthalonitrile (200 mg, 1.6 mmol) in dry ether (8 mL) 
under argon, allylmagnesium bromide (Aldrich, 1.7 mL of 1.0 Min ether) was added 
dropwise and the mixture was stirred for 2 hrs. The solvent was removed by passing 
a stream of argon through the reaction vessel for 15 min. Quinoline (5 mL) was 
added via syringe and the temperature raised to 200 °C for 24 hrs. The reaction 
mixture was loaded on to a short silicagel (30-70 mesh, ethyl acetate for elution). 
The solution was concentrated in vacuo and the crude product was precipitated with 
hexane and collected by filtration. The crude residue was further purified by column 
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chromatography on silicagel (230-400 mesh, 50% ethyl acetate/hexane). The UV/vis 
and mass spectra of the obtained product ( <10% yield) showed the presence of the 
desired product, contaminated with (155). 
UV/vis : (THF) Amax (rel. int.) 392 (2.9), 423 (2.5), 599 (1.0), 650 (3.8), 677 (3.6) 
MALDI-TOFMS: 561 (M+, 24Mg) 
27-ethyltetrabenzo[b,g, l,q] [5, 10,15 ]triazaporphyrinatomagnesium(ll) (151) 
To a suspension of flame dried magnesium (0.26 g, 11 mmol) in dry ether (10 mL) 
under argon, n-propylbromide (1.7 mL, 9 mmol) was added dropwise at such a rate 
as to maintain a steady reflux of ether. During this period the magnesium dissolved 
and the solution changed from clear to white to grey. This Grignard reagent solution 
was then added to a suspension of phthalonitrile (1.0 g, 7 mmol) in ether (15 ml) and 
the resulting solution stirred at room temperature under argon for two hours. The 
ether was removed by passing a stream of argon through the reaction vessel for 15 
min. Quinoline (10 mL) was added via syringe and the solution heated at 200 °C 
under argon for 24 hrs. The reaction mixture was loaded onto a short silicagel 
column (30-70 mesh, ethyl acetate for elution) to remove the insoluble impurities. 
The solution was concentrated in vacuo and the crude pigment was precipitated with 
hexane and collected by vacuum filtration. The crude pigment was further purified 
by column chromatography on silicagel (230-400 mesh, 60% ethyl acetate/hexane) to 
yield a dark green powder (350 mg, 32% crude yield). The UV/vis spectrum of the 
purified product showed that there was an approximate 20% contamination of a Pc, 
presumably (155). 
UV/vis: (THF) Amax (rel. int.) 669 (5.1), 645 (4.3), 590 (1.0), 398 (2.9). 
FAB MS : 563 (M+, 24Mg) 
Experimental 
27-( 1 /-bromoethyl)tetrabenzo[b,g,l,q] [5, 10,15 ]triazaporphyrinatomagnesium(Il) 
(152) 
I MgTBTAP-CHBrCH3.1 
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N-bromosuccinimide (10 mg, 0.06 mmol) dissolved in CHCh (1 mL) was added 
dropwise to a stirred solution of (151) (30 mg, 0.06 mmol) dissolved in CHCh (20 
mL). The colour of the solution immediately became a very light green, then a 
red/brown and finally after approximately 15 min a pale yellow. TLC (40% ethyl 
acetate/hexane) showed the disappearance of starting material and the appearance of 
several overlapping yellow and brown spots. The UV /vis of the reaction mixture 
showed the complete disappearance of any Soret- or Q-band-like absorbances in the 
region of 300-800 nm. The above procedure was repeated several times with 
different samples of starting materials and unfortunately similar results were 
achieved with the 'bleaching' of the reaction mixture. 
27-ethyltetrabenzo[b,g,l,q] [5,1 0,15 ]triazaporphyrin (153) 
I Hz TBTAP-CHzCH3.1 
Impure (151) (40 mg, 0.07 mmol) was dissolved in neat trifluoroacetic acid (5 mL) 
and stirred for 24 hrs. The reaction mixture was diluted with water and extracted with 
CHCh. The organic layer was washed with saturated NaHC03, water and dried over 
Na2S04, filtered and the solvent removed in vacuo. The residue was recrystallised 
from CHCh/hexane to yield a dark green powder (33 mg, 85%). The MALDI-TOF 
mass spectrum showed that complete demetallation had occurred with no residual 
metallated species detectable. However the MALDI-TOF and UV/vis spectra showed 
that a Pc contaminant was present. 
UV/vis : (THF) Amax (rel. int.) 675 (3.7), 652 (2.6), 612 (1.0), 430 (1.6), 395 (1.4). 
MALDI-TOF MS: 541 (M+, 24Mg) 
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2 7 -( 1 /-bromoethyl )tetrabenzo [b, g, l, q 1 [ 5, 10,151 triazaporphyrin (158) 
I H2TBTAP-CHBrCH3.1 
This preparation was attempted by a similar procedure as above. N-
bromosuccinimide (7 mg, 0.06 mmol) dissolved in CHCb (1 mL) was added 
dropwise to a stirred solution of (153) (20 mg, 0.04 mmol) dissolved in CHCb (20 
mL). The colour of the solution immediately became a very light green, then a 
red/brown and finally after approximately 15 min a pale yellow. TLC (40% ethyl 
acetate/hexane) showed the disappearance of starting material and the appearance of 
several overlapping yellow and brown spots. The UV /vis of the reaction mixture 
showed the complete disappearance of any Soret- or Q-band-like absorbances in the 
region of 300-800 nm. 
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